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REMARKS 


Reconsideration of this application is requested in view of the amendments to the 
claims and the remarks presented herein. 

The claims in the application are claims 29, 30, 32, 38 to 40, 42 to 44 and 47, all 
other claims having been cancelled. 

Claims 29 to 32, 38 to 40, 42 to 44 and 47 were rejected under 35 USC 1 12, first 
paragraph, as containing subject matter which was enabled by the specification. The 
Examiner objects to page 7 as not defining a variable m or n and picking and choosing 
the variable numbers than can be encompassed thereby. The Examiner is of the opinion 
that the specification fails to provide a written description for a vaccine or immunogenic 
composition effective against tumors and that the specification fails to provide an 
adequate description of the different derivatives of the carbohydrate tumor antigen. The 
Examiner is further of the opinion that the claims do not recite a specific tumor and there 
is nothing to extrapolate the illustrated tumors of Longenecker as Applicants have 
argued. The Examiner incorrectly states that Applicants concede that the Examiner is 
correct which she underlines that the claimed carbohydrate peptide conjugates will not be 
effective for treating all types of cancer. The Examiner is of the opinion that the claimed 
carbohydrate peptide conjugates consist of a combination of the specific structures of the 
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dendrimeric poly lysine residues with a lysine core combined with the presence of a B- 
cell epitope consisting of a carbohydrate moiety. 

Applicants respectfully traverse these grounds of rejection since it is believed that 
the present claims are properly enabled by the specification. Claim 29 has been limited 
to a more specific carbohydrate peptide conjugate which induces an antibody response 
against a carbohydrate tumor antigen wherein the conjugate is selected from formulae (a) 
to (d) and wherein (b) is a carbohydrate moiety containing a tumor antigen or a 
carbohydrate derivative thereof, T is a CD4 + T cell peptide epitope and K is a lysyl 
residue. It is deemed that claim 29 as presently presented strictly relates to a 
carbohydrate peptide conjugate which induces an antibody response against a 
carbohydrate tumor antigen and support for this can be found in many places in the 
specification. The Examiner’s attention is directed to lines 26 to 28 of page 4, lines 17 to 
19 of page 6 and Examples 2, 3 and 4. Therefore, it is deemed that the claims as 
presently presented are properly enabled. Withdrawal of this ground of rejection is 
requested. 

Claims 29 to 32, 38 to 40, 42 to 4 and 47 were rejected under 35 USC 112, second 
paragraph, as being indefinite for reasons of record. The Examiner notes that B is 
indefinite since there is no structure defined in the claims for the carbohydrate tumor 
antigen. The Examiner makes reference to claim 35 which has been cancelled. Claim 
40 is deemed indefinite for not reciting the other components of the vaccine since in the 
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absence of differentiating components, the composition is the same as the immunogenic 
compositions. 

Applicants respectfully traverse these grounds of rejection since it is deemed that 
the amended claims properly comply with 35 USC 112, second paragraph. With respect 
to the expression “derivatives”, the Examiner erroneously reports that it is “it is not 
apparent whether a derivative i.e., among a modified form of the carbohydrate would still 
affect the desired effect as noted on page 10 of the office action. Applicants deem that 
Example 1 of the application discloses a method for the synthesis of the Tn antigen by a 
completely chemical procedure. However, the completely synthetic Tn antigen is not the 
exact natural product that would have been extracted from the cell membrane of the 
tumor cell expressing the same has entirely preserved its antigenicity since it is 
recognized by antibodies specific to the natural Tn antigen as can be seen from Example 
2. Moreover, this completely synthetic chemical Tn antigen is also immunogenic since it 
induces in vivo and effective antibody response that decreases the mortality of tumor 
bearing animals immunized therewith as can be seen from Example 3. 

Any modification in the chemical synthesis of the Tn antigen is easily available to 
one skilled in the art as well as the possibility to check by routine procedures as disclosed 
in Examples 1 to 4 that the modified Tn antigen has the derivative of the Tn antigen 
preserves its antigenicity and immungenicity. The essential feature of the claimed 
peptide-carbohydrate conjugate does not consist in the structure of the tumor 
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carbohydrate moiety or the derivative thereof that is used but on the general structure of 
the conjugate which allows an effective antibody response at a level that was not reached 
with any of the immunogenic structures disclosed in the prior art. 

With respect to the efficacy of the claimed peptide-carbohydrate conjugates for 
treating cancer, the same will be efficient in preventing, treating or at least reducing the 
incidence of a cancer in an animal body. Each time said cancer will be efficiently 
prevented or reduced to the raise of an antibody response specific to a carbohydrate 
antigen specifically expressed by the tumor cells. Applicants are submitting herewith six 
articles that clearly support the usefulness of the claimed peptide carbohydrate conjugates 
for treating cancer. 

1) R. Lo-Man, S. Bay, S. Vichier-Guerre, E. Deriaud, D. Cantacuzene, C. 
Leclerc. A fully synthetic immunogen carrying a carcinoma-associated 
carbohydrate for active specific immunotherapy, Cancer Reasearch. 59, 
1520-1524, 1999. 

2) S. Vichier-Guerre, R. Lo-Man, S. Bay, E. Deriaud, H. Nakada, C. 
Leclerc, D. Cantacuzene. Short synthetic limear glycopeptides induce 
antibody responses to carcinoma associated Tn antigen, Journal of 
Peptide Research, 55, 173-180, 2000. 

3) R. Lo-Man, S. Vichier-Guerre, S. Bay, E. Deriaud, D. Cantacuzene and 
C. Leclerc. Anti-tumor immunity by a synthetic multple glycopeptide 
displaying a Tri-Tn glycotpe. 
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4) S. Vichier-Guerre, R. Lo-Man, L. BenMohamed, E. Deriaud, S. Kovats, 
C. Leclerc, S. Bay. Induction of carbohydrate-specific antibodies in 
HLA-DR transgenic mice by a synthetic glycopeptide: a potential anti- 
cancer vaccine for human use. Journal of Peptide Research 62(3), 117- 
124, 2003. 

5) S. Vichier-Guerre, R. Lo-Man, V. Huteau, E. Deriaud, C. Leclerc, S. 
Bay. Synthesis and immunological evaluation of an anti-tumor 
neoglycopeptide vaccine earing a novel homoserine Tn-antigen. 
Bioorganic and Medicinal Chemistry Letters, 14, 3567-3570, 2004. 

6) R. Lo-Man, S. Vichier-Guerre, R. Perraut, E. Deriaud, V. Huteau, O.M. 
Diop, P. Livingston, S. Bay and C. Leclerc. A fully synthetic 
therapeutic vaccine candidate targeting carcinoma-associated Tn 
carbohydrate antigen induces tumor specific antibodies in non-human 
primates, Cancer Research, 64, 4987-4994, 2004. 
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Document No. 1 discloses the effective induction of anti-Tn antibodies by a 
peptide-carbohydrate conjugate of the invention as well as the usefulness for increasing 
mouse survival and resistance to tumor challenge as pointed out on page 1522 thereof. 

Document No. 2 clearly shows the successful induction of an antibody response 
to carcinoma-associated Tn antigen with a peptide carbohydrate conjugate of the 
invention. Further anti-tumor activity of a peptide-carbohydrate conjugate of the 
invention are disclosed in Documents 4 to 6. 

Document No. 6 shows the anti-tumor activities against the human tumor cell line 
of a modified Tn antigen, namely, a novel homocerine Tn antigen which consists of a 
derivative of the Tn antigen. Figure 2 clearly shows that a human tumor cell line is 
actually recognized by antibodies contained in the sera from mice prime to the peptide- 
carbohydrate conjugate containing said Tn antigen derivative. Moreover, Document No. 
7 discloses results that prove a peptide-carbohydrate conjugate of Applicants’ invention 
actually induces Tn specific antibodies in non-human primates immunized therewith as 
can be seen from pages 4991 and 4992. Therefore, it is deemed that the specification 
clearly shows the efficacy of the claimed peptide-carbohydrate conjugate for treating 
cancers. 

It is deemed that B as now defined is not indefinite since it is now defined as 
being a carbohydrate moiety consisting of a tumor antigen or a carbohydrate derivative 
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thereof which is deemed to be clearly supported by the specification and withdrawal of 
this ground of rejection is requested. 

All of the claims have been rejected under 35 USC 103 as being obvious over the 
Chong et al patent for reasons of record or Chong et al taken in view of the Jondal patent. 
The Examiner is of the opinion that whether the synthetic carbohydrate used by Chong et 
al functions as T-cell epitopes is immaterial as the compound conjugate is a known 
conjugate. The Examiner refers to lines 27 to 32 of column 7 of Chong et al as disclosing 
that the synthetic glyco conjugate can be used to produce vaccines eliciting antibodies 
against proteins which vaccines can be used to induce immunity towards tumor cells. 

The Examiner is of the opinion that Applicants’ arguments were not commensurate in 
scope with the original claim 29. 

Applicants respectfully traverse this ground of rejection since it is deemed that 
new claim 29 is not rendered obvious by the Chong et al reference taken alone or in view 
of the Jondal patent. Claim 29 is now directed to a carbohydrate peptide conjugate which 
induces an antibody response against a carbohydrate tumor antigen and the said conjugate 
is not obvious in view of the combination of Chong et al taken alone or with Jondal. 

The Chong et al patent discloses dendrimeric conjugates which combine only 
peptide T and B-epitopes and Chong et al does not disclose or suggest any synthetic 
conjugate wherein the B-epitope is included in a carbohydrate moiety. Beginning at line 
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65 of column 3 through line 67 of column 6, Chong et al exclusively discloses synthetic 
conjugates wherein B-cell epitope is only a peptide compound and particularly, one of the 
PI, P2 and P6 proteins from hemophilus influenza (Hiv). It is clear from various portions 
of Chong et al particularly, line 62 of column 4 wherein B-cell epitipe of the PI protein is 
cited in line 8 of column 5 wherein the B-cell epitope of P2 is cited and in line 19 of 
column 5 wherein B-cell epitope of P6 is cited. 

When the PRP carbohydrate moiety is used in the dendrimeric structures of 
Chong et al, it is only as a carrier molecule as expressed by the term “PRP-carrier 
conjugate vaccine” in lines 50 to 51 of column 6. Moreover, even in the case where the 
PRP carbohydrate moiety included in several embodiments of the dendrimeric structures 
of Chong et al would induce some antibody response against PRP which is neither 
described nor taught in Chong et al. It would remain that the said antibody response 
would not consist an antibody response against the “carbohydrate tumor antigens”/ 

The Jondal teachings do not overcome the deficiencies of the Chong et al patent 
since Jondal is exclusively interested in raising a cyctotoxic T-cell response against a 
carbohydrate moiety and teaches exclusively a peptide-carbohydrate conjugate that raises 
a CTL response. One skilled in the art would have found absolutely no motivation to use 
any of the carbohydrate moieties disclosed by Jondal in the dendrimeric structures 
disclosed by Chong et al because he would not have foreseen that an effective antibody 
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response might be raised against carbohydrate moieties. Therefore, the prior art taken 
alone or in any combination would not suggest Applicants’ invention to one skilled in the 
art and withdrawal of this ground of rejection is requested. 

In view of the amendments to the claims and the above remarks, it is believed that 
the claims clearly point out Applicants’ patentable contribution and favorable 
reconsideration of the application is requested. 

Respectfully submitted, 

Muserlian, Lucas and Mercanti 

Cshr-* —*. $ 

Charles A. Muserlian, 19,683 
Attorney for Applicants 
Tel.# (212) 661-8000 
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ABSTRACT 

Aberrant glycosyiatton of mucins leads to the exposure of cryptic 
carbohydrate antigens at the surface of carcinoma cells, which, therefore, 
represent potent targets tor anticancer therapeutic vaccines. To date, the 
development of Immunogens to stimulate immune response to such gac- 
charidic antigens is based on carbohydrate conjugation to carrier pro- 
teins. However, these traditional protein conjugates are poorly defined in 
chemical composition and structure. As an alternative, we synthesized a 
multiple antigenic 0-linked glycopeptide (MAG) carrying the carbohy- 
drate Tn antigen associated with a CD4'*' T-cetl epitope (MAG:Tn-PV). 
This fully synthetic Immunogen Is highly defined in composition and 
carries a high saccharidlc epitope ratio over the entire molecule. The 
MAG:Tn-PV was able to induce anti-Tn IgG antibodies that recognize 
human tumor cell lines. A therapeutic immunization protocol performed 
with this fully synthetic immunogen Increased the survival of tumor- 
bearing mice. Thus, the accurately defined and versatile MAG system 
represents an efficient strategy to induce carbohydrate-specific antitumor 
immune responses but may also be applicable to the prevention of infec- 
tions diseases, if it is based on bacterial oligosaccharides. 


INTRODUCTION 

T and Tn carbohydrate epitopes are found not only on a variety of 
epithelial cells derived from breast, pancreatic, and colon cancers but 
also on T lymphoma cells (1). These carbohydrate antigens are rele- 
vant markers for cancer diagnostic and prognosis, but they also 
represent potent targets for antitumor immune responses (2). Target- 
ing immune responses to such truncated variants of glycan chains 
expressed by tumor cells represents an important goal for the devel- 
opment of antigen-specific therapeutic vaccines against cancers (3). 
Recent advances in the total synthesis of oligosaccharides expressed 
by tumor cells (4, 5) open new possibilities for the development of 
synthetic carbohydrate-based vaccines. The implication of carbohy- 
drate antigens in the metastatic process of tumor cells also makes 
these antigens relevant targets for the prevention of metastasis and 
recurrence of cancers (6). Active antitumor immunization with an 
immunogen bearing the carbohydrate tumor markers may represent an 
alternative to conventional cancer therapy. 

For immunization purposes, carbohydrates are traditionally conju- 
gated to a carrier protein. Although this approach has proved to be 
successful (2, 7, 8), it has major limitations, as follows: (a) hapten- 
carrier systems can be subjected to carrier-induced suppression of die 
immune response directed against the haptenic molecule (9, 10); (b) 
the low molecular excess of the antigen over the carrier results in a 
cm nil level of the desired antibodies compared to the total amount of 
antibodies produced; and (c) the protein conjugates present ambiguity 
in both composition and structure, which is a major obstacle for 
reproducible preparations. For these reasons, a fully synthetic im- 
munogen, without protein carrier, could be of great interest in the 
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development of a carbohydrate-based vaccine. Here, we tested the 
potential use of MAGs 3 (11) as synthetic alternative immunogens. 
This system presents a high density of the carbohydrate antigen at the 
surface of a minor oligomeric inert lysine core. As a result, the 
immune response only focuses on the tumor antigen, thus limiting 
irrelevant antibody production. Moreover, such synthetic conjugates 
are particularly attractive for both their purity and accurate chemical 
definition These features are, indeed, essential for quality control and 
or. n <= fgtent batch-to-batch vaccine production. The glycopeptide deriv- 
atives are synthesized by well-known standard solid-phase peptide 
synthesis methodology, which can be easily automated. 

MATERJALS AND METHODS 

Syntheses. The Tn antigens (a-GalNAc-SerOhr) were synthesized by clas- 
sical methods (12, 13). Syntheses of the MA&Tn-PV, MAP-.PV, Tn-PV, and 
PV were performed by the solid-phase methodology using the FMOC chem- 
istry. as described previously (11). After attachment of die R-alanyl spacer to 
the Wang die lysine core was assembled by coupling successively two 
levels of FMOC-Lys-(FMOC)OH, providing four amino groups. The lysine 
core was further elongated by the protected amino acids of the T-epitope 
sequence of the poliovirus (KLFAVWKITYKDT) to produce the MAP--PV. 
Ultimately, die a-GalNAc-Ser was incorporated to the four branches peptide 
which gave the MACkTn-PV construct after deprotectian and cleavage from 
the resin, as re ported previously (11). AH of the final constructs were purified 
by reverse-phase high-performance liquid chromatography and were charac- 
terized by amino acid analysis and electrospray mass spectrometry. The 
Tn 3 -TT glycopeptide [Serfcr-GaINAc)-Thi(a-GaiNAc)-Thr(a-GatNAc)-QYl- 
KANSKF1GITEL] was prepared by incorporation, step by step, of die appro- 
priate peracetyl-glycosylated FMOC-Ser/Thr in die peptide sequence using 
2-( lH-Benzotri azole-1 -yP}-l. 1.3,3 tetramethyluronium tetrafluoroborateW- 
Hydroxybenzotriazole (TBTU/HOBT) as the coupling reagent. Deacetylation 
of the sugar residue of the glycopeptide was achieved with a catalytic amount 
of sodium methoxide in methanol at pH 11. The crude product was purified by 
high-rer for™™cg liquid chromatography (11) with a gradient from 10 to 35% 
and 14.74-min retention time. Electrospray mass spectrometry: 2623 (calcu- 
lated, 262336). Amino acid analysis: Ala, 1 (1); Asp. 1.04 (1); Glu, 2.16 (2); 
Gly, 1.08 (Ik lie, 2.95 (3); Leu, 1.1 (1); Lys, 2.04 (2); Phe, 1 .01 (1); Ser, 1.86 
(2); Thr, 2.76 (3); and Tyr, 0.97 (1). 

T-CeH StimnlatiorL The recognition of the poliovirus T-cell epitope con- 
tained in die different constructs was analyzed using a specific T-cell hybri- 
iinm and A20 cells as antigen-presenting cells, as described previously (14). 
T-cell hybridomas (10 s ) were cultured with 10 s A20 cells in the presence of the 
indicated construct in RPM1 1640 supplemented wife 10% FCS, antibiotics, 
L-glutamine, and mercaptoethanol. Interleukin 2 synthesis following recogni- 
tion by the T-cell receptor of hybridoma T cells was assessed by the prolif- 
eration of the interleukin 2-dependent CTLL cell line using [ 3 H]thymidine. 

Mice and Reagents. Six- to 8-week-old BALB/c, SJJL/J, and DBA/2 mice 
were from lf& Credo. DBA/1 mice were from the a nima l colony of fee Pasteur 
The anti-Tn mAh MLS128 (15) was provided by Dr. H. Nakada 
(Kyoto Sangyo University, Japan). Tn was conjugated to chicken OVA (Tn- 
OVA) at an initial molar ratio of 4000:1 using glutaraldehyde, as described 
previously (11). 

ELISA and Flow Cytometry. Mouse sera were tested for anti-Tn anti- 
bodies by ELISA using fee synthetic glycopeptide Tn 3 -TT or fee parent 


3 The abbreviations used are: MAG, multiple antigenic glycopeptide; MAP, multiple 
antigenic peptide: FMOC. N-(9-fluarmyI)ntt&oxycarbanyl; mAb, monoclonal antibody; 
OVA, ovalbumin: a-OSM, asialo ovine submaxiliaty mucin; KLH. keyhole limpet he- 
mocyanin. 
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peptide TT (Y1KANSKIGITEL). Ninety-six-well microti ter plates (Nunc, 
Roskilde, Denmark) were coated with 0.1 fi.g of antigen per well in 50 ntM 
carbonate buffer (pH 9.6) and incubated for 1 h at 3 T*C. After washing w|th 
PBS ivwmmiing 0.1% Tween 20, the serially diluted sera in buffer .(PBS phis 
0. 1% Tween 20-1% BSA) were added to the wells for 1 h at 37°C. Following 
three washes, wells were treated 1 h at 37“C using goat antimouse IgG or lgM 
peroxidase conjugate (Sigma Chemical Co., St. Louis* MO) and O-phe- 
nylenediamine-HjOj was then added as substrate. Plates were read photomet- 
rically at in an ELISA auto-reader (Dynatech, Mames la Coquette. 

France). The negative control consisted of naive mouse sera diluted 100-fold. 
ELISA antibody titers were determined by linear regression analysis plotting 
dilution versus The titers were calculated to be the log l0 highest 

dilution, which gave twice the absorbance of normal mouse sera diluted 1:100. 
Titers were given as fee arithmetic mean ± SD of fee iog 10 titers. 

Mouse sera were also tested at a 1:250 dilution by Bow cytometry on 
Tn- expressing hmnwn tumor cell lines, Juikat and LS 180, and on the TA3/Ha 
rmirtnft cell line. Cells were first incubated for 30 min wife sera at 4°C in PBS 
containing 5% FCS and 0.1% sodium azide and then wife an antimouse 
IgM/lgG goat antibody conjugated to F1TC (Sigma). One % paraformalde- 
hyde-fixed cells were analyzed on a FACS can flow cytometer (Becton Dick- 
inson, San Jose, CA). 

Antitumor immunotherapy. The murine mammary adenocarcinoma cell 
line, TA3/Ha was grown by passage on BALB/c mice. After i.p. adminis tration 
of 1000 TA3/Ha cells, 6-week-old BALB/c mice were injected s.c. with 50 fig 
of MAG:Tn-PV or control MAP:PV construct wife 1 mg of alum. Survival of 
treated and untreated mice was followed for 50 days. Statistical analysis of 
survival curves was performed with the Statview software (Abacus Concepts) 
using the log-rank test. 


RESULTS 

The Tn Antigen and the T-Cell Epitope Included into the MAG 
Retain Their Antigenicity. As shown in Fig. 1, the MAG we syn- 
thesized is composed of a dendrimeric lysine core structure with four 
arms. Each arm is linked to a CD4 + T cell epitope (PV peptide: 
KLFAVWKITYKDT sequence from the poliovirus type 1; Ref 14) 
with a single a-V-acetylgalactosamine-serine residue (Tn) at fee NH 2 
te rminu s (MAG:Tn-FV: [Set(a-GaINAc)] 4 -(PV) 4-iC2-iC-j3Ala; 

Ref. 11}. 

The B-cell antigenicity of fee Tn antigen included in fee MAG: 
Tn-PV construct was analyzed using fee MLS 128 anti-Tn mAb, 
which was generated after immuniz ation wife fee LSI 80 adenocarci- 
noma cell line derived from a colon cancer patient (IS). Fig. 2a shows 
that fee MLS128 mAb recognized the MAG:Tn-PV construct but not 
fee parent construct devoid of fee Tn antigen, MAP:PV [(PV) 4-K2- 
K-pAla]. This recognition was in fee same range as that observed not 


ritin-CONHy ^NHCO- |T]Tp1 

MAG:Tn-PV 


E = Tn antigen 
sacctwidic 


.OH 


NoCHzCH^^ 


[T| = PV epitope KLFAVWKITYKDT 
peptidlc 

Fig. 1. Schematic representation of the MAG:Tc-PV molecule. 




lug. 2. B- and T-cell antigenicity of the MACkTn-FV. a, file MLS128 mAh specific for 
Tn was tested by EUSA for reactivity to TivOVA conjugate (A), control MAMV (O), 
and MAG:Tn-PV (•) coated at 1 pg/mL b, stimulation of a PV-specific T-cell hybridoma 
by foe PV (P), Tn-PV (■), MATfV (CJ). and MACiTn-PV (•> constructs in foe presence 
of A20 cells. 


only wife Tn conjugated to the chicken OVA protein (Fig. 2a) but also 
with fee a-OSM (1 1). 

The poliovirus-derived PV peptide was included in fee MAG: 
Tn-PV to elicit a T cell-dependent antibody response. However, 
linkage of carbohydrates to peptides can interfere wife peptide bind- 
ing to MHC-encoded molecules and wife T-cell recognition (16). For 
instance, Jensen et al. (17) showed feat a T-cell hybridoma specific 
for a hemoglobin-derived peptide, glycosylated with ot-GalNAc at a 
Thr residue, did not recognize fee unglycosylated peptide in vitro. 
However, in this particular case, fee glycosylation was introduced into 
fee T-cell core sequence, whereas in our case, fee Tn antigen was 
attached at fee NH 2 terminus of the PV peptide (KLFAVWKI- 
TYKDT), clearly distant from fee core sequence, which was charac- 
terized as FAVWK1TYKD (14). As seen in Fig. 2b, a PV-specific 
T-cell hybridoma recognize fee unglycosylated PV peptide as well as 
fee glycosylated Tu-PV peptide showing feat fee Tn saccharidic 
epitope did not alter the T-cell recognition of fee PV peptide se- 
quence. To analyze fee T-cell antigenicity of the MAG:Tn-PV, A20 
antigen-presenting cells were incubated wife the MAG:Tn-PV or the 
control constructs in the presence of a PV-specific T-cell hybridoma 
(Fig. 2b). It is noteworthy feat fee presence of fee Tn antigen dra- 
matically increased fee presentation of fee PV peptide by MHC 
molecules because T-cell stimulation was achieved with a 1 0,000-fold 
less MAG:Tu-PV dose compared to fee MAP:PV construct and to the 
PV free peptide (Fig. 2b). This effect was only observed wife the 
dendrimeric MAG structure because fee stimulation induced by fee 
Tn-PV glycopeptide (Ser(a-GalNAc)-PV] or fee PV peptide was 
similar. The mechanisms underlying this enhancing effect remain 


1521 




A FULLY SYNTHETIC VACCINE BASED ON Tn ANTTUEN 


Tabic 1 The MAC:Tn-PV-Muced anti-Tn specific antibodies 


Motae strain 

Antigen 

Tn 3 -TT 

TT peptide 

IgM 

IgG 

IgM 

IgG 

BALB/c 

MAPtPV 

<250 

<250 

<250 

<250 


MAQ:Tn-PV 

6.660 it 3,760 

81,120 ± 18,000 

<250 

<250 

BBA/2 

MAPtPV 

<250 

<250 

<250 

<250 


MAGtTn-PV 

<250 

6.020 ± 2.400 

<250 

<250 

SJL/J 

MAPtPV 

<250 

<250 

<250 

<250 


MAGtTn-PV,. 

800 ± 570 . 

108,060 ± 34,600 

<250 

<250 

DBA/1 

MAPtPV 

<250 

<250 

<250 

<250 


MAGtTn-PV 

<250 

<250 

<250 

<250 


** Mice (five per group) received three injections (days 0. 21* and 42) of 20 pg of 
MAPtPV or MAGtTn-PV mixed wit l mg of alum, except for DBA/2 mice, which only 
received two injections (days 0 and 21) Seta ware collected 10 days after the last boost, 
and antibody Ntem specific far Tn wece determined by F11D A using tbe Tcj-TT glyoo- 
pepm— cr a** paieait 1 1 peptide devoid of fbe lb motifs, Resulb are expressed as tbc 
± SE of individual antibody titers. 

unclear. However, because the formation of stable peptide/MHC 
complexes requires intracellular peptide loading on MHC molecules, 
the enhanced PV peptide presentation observed with the MAG:Tn-PV 
may stem from the intracellular processing of this construct.' 4 This 
result could also su gg est that die MAG:Tn-PV endocytosis by anti- 
gen-presenting cells is mediated by the cross-linking of a GalN Ac- 
specific receptor. After immunization of mice with the MAGiTn-PV, 
T-cell responses specific for the PV epitope were stimulated in vivo 
(data not shown). Altogether, these results demonstrate that the Tn 
antigen on the MAG:Tn-PV construct is available for antibody bind- 
ing and strongly enhances MHC presentation of foe T-cell epitope, 
illustrating foe potency of the MAG:Tn-PV construct to induce T 
cell-dependent anti-Tn antibodies. 

The MAG:Tn-PV Induces High Titers of Anti-Tn Antibodies 
That Recognize Tn-positive Tumor Ceil Lines. The PV peptide 
contains a promiscuous MHC binding sequence, which enables its 
presentation to T cells by 1-E d and 1-A* MHC molecules (14). There- 
fore, the immunogenicity of foe MAG:Tn-PV was tested in different 
mouse strains expressing one of these MHC molecules. B ALB/c 
(1-E 1 *), DBA/2 (1-E 1 *), and SJL/J (I-A 5 ) mice were immunized with foe 
MAG:Tn-PV or with foe control MAP:PV in alum, and sera were 
tested for anti-Tn antibodies (Table 1). The MLS 128 mAb was shown 
to recognize three consecutive Tn antigens ([a-GalNAc]-Thr[a- 
GalNAc]) on a-OSM and glycophorin (18, 19). We, therefore, syn- 
thesized a glycopeptide, Tn 3 -TT, irrelevant to foe MAG:Tn-PV amino 
acid sequence containing these force Tn antigens at the NH 2 terminus 
of a linear peptide (TT) to evaluate by ELISA foe level of anti-Tn 
antibodies. Immunization with foe MAG:Tn-PV but not with foe 
control MAP:PV induced anti-Tn IgG antibodies (mainly IgGI) in all 
three mouse strains tested. After three immunizations, Tn-specific 
IgM antibodies were still detected in B ALB/c and SJL/J mice (Table 
1). The Tn specificity of foe antibodies using the Tn 3 -TT glycopeptide 
was assessed by the lack of recognition by all mouse sera of foe parent 
TT peptide devoid of foe Tn antigen. DBA/1 (I-A**) mice, which do 
not respond to foe PV peptide (14), did not develop any anti-Tn 
antibodies following MAG:Tn-PV immunization, showing foe T-cell 
dependency of foe anti-Tn antibody response. 

To ensure that mouse sera were able to recognize the native Tn 
antigen, we analyzed foe binding of these sera to tumor cell lines 
expressing Tn. ct-GalNAc-Ser/Thr is present on glycoproteins ex- 
pressed by foe human Juikat T -lymphoma cell line (20) and LS180 
adenocarcinoma cell line (15). Fig. 3, a and h, shows that anti-Tn 
positive sera from BALB/c mice primed with foe MAG:Tn-PV bound 
both human cell lines as efficiently as foe MLS 128 mAb, whereas sera 
from naive mice or MAP:PV immunize d mice did not recognize these 


cell lines. These results demonstrate that anti-Tn antibodies induced 
by foe MAG:Tn-PV recognize foe native form of Tn on human tumor 

cells. 

Immunotherapeutic Treatments with foe MAG:Tn-PV In- 
crease Mouse Survival and Resistance to Tumor Challenge. A 
murine model has been developed to test active specific immunization 
against mucin-type carbohydrates using the TA3/Ha adenocarcinoma 
cell line (21). In this model, treatment with bovine- or ovine-desialy- 
lated mucin prior and after foe tumor challenge afforded partial 
protection (22). Likewise, active immunotherapy in TA3/Ha-bearing 
mice using foe T antigen 0-Gal(l-3)a-GalNAc conjugated to foe 
KLH protein together with cyclophosphamide was also able to 
strongly enhance mice survival (21). FACS analysis of the TA3/Ha 
cell line (which expresses foe Tn antigen on mucin epiglycanin; Ref. 
23) indicated that this cell line was recognized by MAG:Tn-PV 
induced antibodies (Fig. 3c). Therefore, we grafted 1000 TA3/Ha cells 
into BALB/c mice and followed their survival after active anti-Tn 
specific immunotherapy using the MAG:Tn-PV (Fig. 4). Following 
TA3/Ha graft, control groups of mice that were either left untreated 
(group 1) or treated with MAPtPV (group 2) displayed average 
survival times of 25 and 24 days, respectively, whereas after treatment 
with MAG:Tn-PV (group 3), foe average survival time was delayed to 
30 days for mice that did not reject foe tumor. The TA3/Ha cell is 
originated from A mouse strain and was shown to grow on many 
allogeneic mouse strains, but its malignancy slightly varies from one 
mouse strain to an other, depending on the genetic background (24). 




Fig- 3. Recognition of tumor cell lines bearing the Tn Antigen by sexa from MAG:Tn- 
PV-primed mice. Flow cytametiy analysis was carried oul on human JurkHl (a) and LSI 80 
(6) cells and (c) murine TA3/Ha cells incubated with sera (diluted at 1:250) collected from 

B ALB/ c: naive mice (**•• •). MAP-PV-pmncd mice ( X M AG :Tn-FV primed mice 

( i i) or the MLS128 mAb ( Binding was d et ected using FTTC labeled antibodies 

specific for immuno globulin. The positive staining observed with the serum from 

the MAQ:Tn-FV primed mouse ia representative of five individually tested sera. 
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Fig. 4. Active specific immunotherapy in tumor-bearing mice. Aj&er Lp. administration 
of 1080 TA3/H& adenocarcinoma cells (day 0), 6-wcefc-old BALB/e mice were ls£l 
untreated (group /) or received, on days 2, 5, 10, and 17, a 50>pg dose of die MAPiPV 
(group 2) or the MAO:Tn-PV (group 5) mfrgrf wife 1 mg of alum, and then mice wore 
monitored far survival. Gimilati vei^ta of fl™ etpgnrofaifa wm piyuwitfA 

corresponding to 18 mice in group 1 and 21 mice in groups 2 md 3. Differences are 
statistically significant between groups 1 and 3(P< Gj02) mid between group s 2 gpd 3 
(P < 0.01). 


Untreated BALB/c mice displayed a 10-20% rejection rate of the 
TA3/Ha after inoculation of 10 3 cells showing that the graft of 
TA3/Ha was a little less efficient in BALB/c than in other mouse 
strains used in studies performed with the same tumor model (21, 22 X 
However, statistically significant differences were observed in resist- 
ance or survival of mice following TA3/Ha implantation between 
group 3 (48%) and the control groups 1 (22%) and 2 (19%; P < 0.02). 
These data show that the anti-Tn immune response induced by the 
MAG:Tn-PV increases die survival of tumor-bearing mice by reject- 
ing the tumor graft expressing the Tn carbohydrate antigen. 

DISCUSSION 

Our study represents the first successful attempt to induce a strong 
immune response to a carbohydrate tumor marker using folly syn- 
thetic carbohydrate-based constructs as immunogens. Indeed, we 
show that the MAG:Tn-PV injected to mice can induce a strong igG 
antibody response specific for the carcinoma-associated Tn antigen, 
and we demonstrate that this antibody response is T cell dependent A 
previous attempt by Toyokuni et at. (3) to develop such a synthetic 
immun ogen was based on foe Tn antigen linked via a peptidic arm to 
a palmytoyl backbone. However, in this study, Tn-lipopepddes mainly 
induced an IgM antibody response specific for Tn rather than an IgG 
response, and this antibody response was T cell independent due to foe 
lack of T-cell epitope in these lipopeptides. In foe context of tumor 
associated carbohydrate antigens, the induction of a T cell-dependent 
IgG antibody response represents a main goal because human sera 
already contain natural IgM antibodies ( 1 ). In addition, it is striking to 
note that the presence of the Tn on the MAG:Tn-PV structure strongly 
enhances foe level of MHC presentation of the PV T-cell epitope and 
probably contributes through enhanced T-cell activation to the high 
level of foe IgG antibody response induced. The mechanism under- 
lying this phenomenon is currently under investigation. 

Our approach offers the advantages of a well-defined chemical 
structure and high purity, which are essential features for a safe 
vaccine, but it also provides a highly versatile peptidic core structure. 
Therefore, any carbohydrate moiety linked to an amino acid can be 
incorporated by standard solid-phase peptide synthesis methodology 


to always obtain the same carbohydrate content in the final compound. 
The glycopeptidic structure of the MAG construct may, feus, repre- 
sent a future alternative to traditional protein conjugates carrying 
carcinoma or melanoma-associated carbohydrates that have been in 
clinical trials for several years (2, 7, 8, 25, 26). The MAG strategy 
may also represent an efficient way to induce antibodies specific for 
bacterial oligosaccharides because the induction of a T-cell dependent 
IgG response is also important to achieve, for instance, in the case of 
Pneumococcus vaccination in infants (27). Here, we did not compare 
foe efficiency of our synthetic MAG construct to a carbohydrate- 
protein conjugate due to the paucity of qualitative and quantitative 
information on the latter. Moreover, such comparison remains diffi- 
cult to achieve because the carbohydrate density on a carrier protein 
highly varies from one carrier protein to another and depends on many 
parameters, such as foe conjugation method, the carbohydrate moiety, 
and the spacer arm that are used. 

Our results demonstrate the potency of folly synthetic MAGs for 
active specific immunization, allowing, to a certain degree, the rejec- 
tion of an implanted tumor-bearing aberrant glycosylations. Several 
hypothesis may explain foe relative efficiency of antitumor immunity 
afforded by foe MAG:Tn-FV treatment. 

(а) On foe basis of previous studies, total protection was never 
achieved in the TA3/Ha tumor model, and it seems that foe immune 
mechanisms (humoral versus cellular response) that can lead to an 
efficient rejection of the TA3/Ha adenocarcinoma remain unclear (21, 
22). Using a-OSM which expresses foe Tn antigen, Singhal et at, (22) 
obtained 50% survival of T A3 /Ha-bearing mice. In this stndy, immu- 
nization with a-OSM induced both an anti-Tn antibody response and 
an a-OSM-specific T-cell response. On foe basis of putative sequence 
homology between OSM and TA3/Ha epiglycanin, these authors 
postulated that foe T-cell response to glycopeptides carrying foe Tn 
antigen could play a major role in foe TA3/Ha rejection. Because the 
peptidic sequence of the MAG:Tn-PV is irrelevant to mucin-type 
protein sequences, clearly, MAG-treated mice did not benefit of such 
a T-cell response. Several studies demonstrated the ability of MHC 
molecules to bind synthetic glycopeptides to st imula te T-cell re- 
sponses that are specific for the saccharidic moiety (16, 17, 28). But 
it remains to be established that the MHC presentation of glycopep- 
tides naturally occurs following the intracellular processing of glyco- 
proteins. 

Fung et at. (21) using the T antigen conjugated to KLH mixed with 
R1B1 and in combination with a cyclophosphamide treatment obtained 
a higher protection level in tile TA3/Ha tum or model than we did in 
tills study. However, it should be noticed that the Tn antigen is the 
precursor of foe T antigen, and it can be suggested that upon degly- 
cosylation both T and Tn antigens are available on KLH as a target for 
the immune system. This phenomenon could contribute to foe effi- 
ciency of this conjugate. Moreover, the cyclophosphamide treatment 
plays a key role in foe efficacy of foe T-KLH conjugate-based im- 
munotherapy and was not used in our experiments. 

(б) The affinity and the diversity of Tn-specific antibody response 
induced by foe MAG:Ta-PV molecule is not probably as high as it 
should be to allow a total clearance of the TA3/Ha tumor in mice, 
indeed, foe Tn antigen is clustered along the mucin protein sequence 
bnt not in foe MAG:Tn-PV molecule. Indeed, the MJLS128 mAb was 
shown to recognize a three consecutive Tn epitopes on a-OSM and 
glycophorin (18, 19). Because the linear Tn-PV glycopeptide with a 
single Tn antigen was not recognized by the MLS128 mAb (11) and 
did not induce any Tn antibodies (data not shown), the binding of the 
MLS128 mAb to the MAG:Tn-PV is probably due to the flexibility of 
the peptidic arms rebuilding a Tn cluster. Therefore, we can expect 
that a MAG carrying several Tn antigen in each arm will be more 
closely related to the nrultimeric Tn motif displayed by mucin pro- 
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terns. It also should be mentioned that multimerization of die Tn or the 
siaiyl-Tn was shown to improve its immunogenicity when linked to a 
carrier protein (29, 30). Moreover, it was recently suggested for the 
sialyl-Tn antigen that carbohydrate clusters appear upon transforma- 
tion of n orm al colonic tissues to malignancies (31). Therefore, it 
seems clear diat the configuration of the carbohydrate epitope is at 
least as important as the total carbohydrate content to induce an 
optimal antitumor response. 

Tested in clinical trials for many years now, classical carbohydrate 
protein conjugates are still under study to optimize their immunoge- 
nicity (32). The MAG molecule we tested here shows a high potency, 
but it only represents the first step of a new approach that needs to be 
much further developed, in particular by adding clustered carbohy- 
drate epitopes, as mentioned above. Moreover, such immunogens 
probably would not focus on a single carbohydrate antigen but would, 
rather, combine various carbohydrate targets. 

The use of a given Th cell epitope in conjunction with carbohydrates 
is a prerequisite for eliciting strong antibody responses, but this may limit 
the efficacy of die MAG immunogens considering file MHC polymor- 
phism observed in the human population. To avoid this drawback. MAG 
structures have to include several T-cell epitopes with a particular focus 
on promiscuous MHC binding sequences, such as those described for 
tetanus toxin (33, 34), for which human individuals are already primed 
(33). Because dendrimeric peptide structures seem to be more efficient 
compared to linear peptide sequences to induce CTL responses (36), 
integration of CTL epitopes into MAG structures, such as MUC-1- 
derived peptides (37) for epithelial cancers, can also be achieved to widen 
the spectrum of die antitumor immune response. All these goals can be 
easily reached considering the versatility of the MAG system and can 
lead to a multicomponent therapeutic vaccine. Finally, it should be 
noticed that we have privileged the use of a mild adjuvant, alum, which 
is authorized in healthy human populations, showing that strong adju- 
vants are not required to induce anti carbohydrate specific immune re- 
sponses by die MAG strategy. This latter point may be of major impor- 
tance in extending the use of this strategy to bacterial oligosaccharides 
(27) for vaccinating a healthy population. 
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Abstract Glycopeptides containing a tumor-associated 
carbohydrate antigen (mono-, tri- or hexa-Tn antigen) as a B-cell 
epitope and a CD4* T-cell epitope (PV: poliovirus or TT: tetanus 
toxin) were prepared for immunological studies. Several Tn 
antigen residues {FmocSer/Thr (a-GalNAc)-OHj were successively 
incorporated into the peptide sequence with unprotected 
carbohydrate groups. The tri- and hexa-Tn glycopeptides were 
recognized by MLS 128, a Tn-spedfic monoclonal antibody. The 
position of the tri-Tn motif in the peptide sequence and the 
peptide backbone itself do not alter its antigenicity. As 
demonstrated by both EUSA and FACS analysis, the 
glycopeptides induced high titers of anti-Tn antibodies in mice, 
in the absence of a carrier molecule. In addition, the generated 
antibodies recognized the native Tn antigen on cancer cells. The 
antibody response obtained with a D-(Tn 3 )-PV glycopeptide 
containing three a-GalNAc-o-serine residues is similar that 
obtained with the Tn6-PV glycopeptide. These results 
demonstrate that short synthetic glycopeptides are able to 
induce anticancer antibody responses. 


Abbreviations: AgOTf, trimethylsilyl trifiuoromethane sulfonate; 
AgjCOj, silver carbonate; AgCIO* silver perchlorate; a-OSM, 
asialo ovine submaxillary mucin; CFA, complete Freund's 
adjuvant; DIEA, diisopropylethylamine; ESMS, electrospray mass 
spectroscopy; FCS, fetal calf serum; FITC fluorescein 
isothiocynate; Fmoc, 9-fluorenylmethoxycarbonyl; HOST, 

1 -hydroxybenzotriazole; IFA, incomplete Freund's adjuvant; MAG, 
multiple antigen glycopeptide; MAP, multiple antigen peptide; 
OSA, ovine serum albumin; PE, phycoerythrin; PFA, 
paraformaldehyde; Pfp, pentafluorophenyl; PV, Poliovirus; TBTU, 
2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium 
tetrafluoroborate; TFA, trifluoroacetic acid; TT, Tetanus toxin. 
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As a result of aberrant glycosylatioii, cancer-associated 
carbohydrate antigens are exposed at the surface of some 
tumor cells, whereas they are shielded by further glycosyla- 
tion or are poorly expressed in normal cells (1—3). Recent 
advances in immunology have renewed interest in the 
development of cancer vaccines, and these exposed glyco- 
sidic B-cell epitopes have been considered to be attractive 
targets for immunotherapy [4). Indeed, several studies have 
shown that efficient immune responses could be induced 
against different carbohydrate antigens: Tn (a-GalNAc-Ser/ 
Thr), T (P-Gal-[i-3"]-a-GalNAc-Ser/Thr), sialosyl-Tn (a- 
NeuAc-[2-6]-oc-GalNAc-Ser/Thr) or the GMi ganglioside 
(s). The immunizations have usually been performed 
using carbohydrate-protein conjugates (6-8). 

In order to circumvent the drawbacks displayed by protein 
carriers, the multiple antigen glycopeptide (MAG) approach 
was recently developed as an alternative to present 
carbohydrate antigens to the immune system (9, 10). This 
type of immunogen is based on the multiple antigen peptide 
(MAP) developed by Tam and co-workers (11, 12). 

In a previous paper, we described the construction of a MAG 
carrying the carbohydrate Tn antigen (B epitope) associated 
with a CD4* T-cell epitope [PV: Poliovius (13)] on a - 
dendrimeric lysine core with four branches -(10). This 
MAG:Tn-PV was able to induce anti-Tn IgG antibodies 
that recognized human tumor cell lines. Moreover therapeu- 
tic immunization with this synthetic immunogen adminis- 
tered with alum increased survival in tumor-bearing mice (14). 

The tumor-associated glycoprotein epitope defined by the 
monoclonal antibody MLS 128 is expressed on most human 
adenocarcinomas and is minimally expressed on normal 
tissues. MLS 128 was raised against LS 180 cells, a human 
colorectal cancer cell line (15). The epitope for MLS i28.has 
been identified as Tn, i.e. a-GalNAc, O-linked to Ser/Thr on 
mucin-type glycoprotein and it seems that a cluster of a- 
GalNAc-Ser/Thr is essential for Tn antigenicity (8, 16-18). 

In LS 180 cells, the Tn antigen has been shown to be the 
product of glycosylation of the polypeptide encoded by the 
MUC-2 gene (19). As a cluster, the Tn antigen has also been 
found in ovine submaxillary mucin (16), glycophorin (17) 
and the Jurkat cell lines (20). 

In order to mimi c the clustered motif encountered for the 
Tn antigen in vivo, further development of our MAG-based 
vaccines (10, 14) was undertaken, involving the introduction 
of a tri-Tn glycopeptide as the B epitope. Such an approach 
has already been described with di- and trimeric Tn 
conjugated to ovine serum albumin (OS A), Starburst 
dendrimers (18) and lipopeptides (21). The synthesis of 
linear glycopeptides (Fig. 1) was performed using Tn motifs 


associated with the CD4 + T-cell epitope of the poliovirus 
(PV: KLFAVWKTTYKDT). The Tn antigen was introduced in 
one, three or six copies and was located either in the middle 
or at the end of the peptide sequence. The antigenicity arid 
immunogenicity of the resulting glycopeptides have been 
investigated and are described here. Since D-amino acids are 
known to confer proteolytic stability, D-(Tn 3 )-PV glycopep- 
tide was synthetized in order to evaluate the effect of a d- 
amino acid on the antigenicity and immunogenicity of this 
peptide [D-(Tn 3 ) represents three consecutive D-serine a- 
linked to a GalNAc residue]. Threonine was replaced in the 
tri-D-Tn motif by D-serine, since its p-chiral center might 
confer additional structural problems. 


Experimental Procedures 

Synthesis of the peptides and glycopeptides 

The synthesis of the Tn antigens, appropriately protected, 
>-fluofenyIrn ethoxy carbonyl (Fmoc)Ser (a-GalNAc)-OH and 
FmocThr (a-GalNAc)-OH was performed using classical 
methods (22, 23) starting from tri-O-acetyl-D-galactal 
(24). Ar-(Fluorenylmethoxycarbonyl)-L-serine/threonine tert- 
butyl esters (25, 26) were used for the Koenigs-Knorr reaction 
with 3,4,6-tri-0-acetyl-2-azido-2-deory-fJ-D-galactopyrano- 
syl chloride (27, 28). The catalyst used for the glycosylation 
was trimethylsilyl trifluoromethane sulfonate (AgOTf) for 
the L-amino acid (Ser, Thr) and silver carbonate (Ag»C0 3 )/ 
silver perchlorate (AgClOJ for the D-serine. The final 
deprotection of the acetyls (29) and the t-butyl ester afforded 
Tn antigens appropriately protected for the peptide synthesis. 


STTG6KQ 

STTGGGGGGKG 

T113G6KG 

S *T*T*OGGGGGKG 

To3G(SK(Biot)G 

S*T*T*GGGGGGK(Biatine)G 

STTG 6 K{Biot)G 

STTGGOGGGK(Biot)G 

KG4T113G3 

KGGOGS*T*T*GGG 

. pv 

KLFAVWKTTYKDT 

Tn-FV 

S*KLFAVWKHYKDr 

Tn3-FV 

sn^T^KLPAVwxrnrKDT 

D-CIYGyPV 

D-(S*)I>^S*)D^S*)K 1 J 7 AVWK 3 TYKX)T 

Tn 6 -PV 

(S*T*T*G)2KXI J AVWKFrTYKDT 

Tn 3 -TT 

S ’*T*T*QYIKANSKFIGITEL 


Figure 1. Structure of the different glycopeptides. *, a-GalNAc,- PV, 
poliovirus p 103-115; TT, tetanus toxin p 830-844; L-amino acids in 
single-letter code are designated by upper case letters, D-amino acids 
are specified by the letter D. 
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All the glycopep tides were assembled by the conventional 
solid-phase peptide methodology (Wang resin, Novabio- 
chem) using Fmoc chemistry. The appropriately protected 
amino acids were incorporated manually into the peptide 
sequence using 2-(iH-benzotriazole-i-yl)-i,i,3,3-tetra- 
methyluronium tetrafluoroborate (TBTU)/i-hydroxybenzo- 
triazole (HOBT)/diisopropylethylamine (DIEA) as the 
coupling reagent (30, 31). Fmoc protection was removed 
with 20% piperidine in DMF. The glycosylated amin o acids 
FmocSer/Thr(a-GalNAc)-OH were incorporated as their 
pentafluorophenyl (Pfp) esters (32); these were prepared by 
addition of 1,3-dhsopropylcarbodiimide to the glycosylated 
amino acid and pentafluorophenol in dry CH a Cl a (33). The 
reaction was followed by TLC. After concentration of the 
solution the Pfp-esters were used without further purifica- 
tion and dissolved in DMF with HOBT, as described 
previously (33). The peptides were cleaved from the resin 
with aqueous trifluoroacetic acid (TFA; 95%). 

All the derivatives were purified by HPLC using a Perkin- 
Elmer pump system with a UV detector at 23011m; the 
column was a Nucleosil C l8 (5 p.m, 300A 0 , 2so x 10mm) and 
the gradient was performed with water (o.i%o TFA)/ 
acetonitrile over 20 min. The peptides and glycopeptides 
(Fig. 1) were all characterized by amino acid analysis and 
mass spectrometry. 

PV 

HPLC: gradient from o to 65%, retention time 12.6 min; 
FABMS: [MH*] 1613 (calcd 1611.9); amino acid analysis: Ala 
1.16 (1), Asp 1.03 (1), He 0.96 (1), Leu 1.01 (1), Lys 2.92 (3), 
Phe 1 (1), Thr 1.84 (2), Tyr 0.99 (i), Val 0.94 (1). 

Tn-PV 

HPLC: gradient from 10 to 60%, retention time 11.2 min,- 
electrospray mass spectroscopy (ESMS): 1903 (calcd 

1903.22); amino acid analysis: Ala 1 (1), Asp 1.05 (i), lie 
1.0 (1), Leu 1.0s (1), Lys 3.12 (3), Phe 1.05 (1), Ser 0.94 (i), Thr 
1.97 (2), Tyr 1.06 (1), Val 1.0 (1). 

Tn 3 -PV 

HPLC: gradient from 10 to 60%, retention time 10.3 min; 
ESMS: 25 12 (calcd 25 11.8); amino acid analysis Ala 1 (1), Asp 
1.05 (1), lie 1.0(1), Leu 1.05 (1), Lys 3.12 (3), Phe 1.05 (1), Ser 
0.95 (1), Thr 3.74 (4), Tyr 1.06 (1), Val 1.0 (1). 

D-(Tn 3 )-PV 

HPLC: gradient from 15 to 30%, retention time 16.9 mm; 
ESMS: 2484 (calcd 2483.74); amino acid analysis Ala 1 (1), 


Asp 1.01 (1), lie 0.96 (1), Leu 1.01 (1), Lys 3.06 (3), Phe 0.97 
(1), Ser 2.7 (3), Thr 1.85 (2), Tyr 1.03 (1), Val 0.99 (r). 

Tn 3 -TT ' 

HPLC: gradient from 10 to 3S %, retention time 14.7 min ; 
ESMS: 2623 (calcd 2623.56); amino acid analysis: Ala 1 (1), 
Asn 1.04(1), Glu 2.16 (2), Gly 1.08 (1), lie 2.95 (3), Leu 1.1 (1), 
Lys 2.04 (2), Phe 1.01 (1), Ser 1.86 (2), Thr 2.76 (3), Tyr 0.97 
(i). 

Tns-PV 

HPLC: gradient from 10 to 60%, retention tim e 12.7 min; 
ESMS: 3525.0 (calcd 3524.7); amino acid analysis: Ala 1(1), 
Asp 0.98 (1), lie 0.97 (1), Leu 1.0 (1), Lys 2.91 (3), Phe 1.02 (1), 
Ser 2.09 (2), Thr 5.92 (6), Tyr 1.13 (1), Val 1.0 (1). 

STTG 6 KG 

HPLC gradient from o to 17%, retention time 8.2 min,- 
ESMS: 834.3 (calcd 834.4); amino acid analysis: Ser 0.93 (1), 
Thr 2 (2), Gly 7.95 (7), Lys 1.21 (1). 

STTG 6 K (Biot)G 

HPLC gradient from o to 20%, retention time 14.6 min ; 
ESMS: 1060.8 (calcd 1061.1); amino acid analysis: Ser 0.93 
(1), Thr 1.89 (2), Gly 7 (7), Lys 1.09 (1). 

Tn 3 G 6 K (Biot)G 

HPLC gradient from 5 to 20%, retention time 11. 4 min; 
ESMS: 1669.7 (calcd 1670.0); amin o acid analysis: Ser 1.09 
(1), Thr 2 (2), Gly 6.48 (7), Lys 0.99 (1). 

Tn 3 G 6 KG 

HPLC gradient from o to 17%; retention time 7.6 mm; 
ESMS: 1443.9 (calcd 1443.6); amino acid analysis: Ser 0.93 
(1), Thr 1.79 (2), Gly 7 (7), Lys 1.0 (1). 

KG«Tn 3 G 3 

HPLC: gradient from o to 14%, retention tiine 9.6 min; 
ESMS: 1444.4 (calcd 1443.6); amino acid analysis: Ser 0.88 
(1), Thr 2 (2), Gly 7.07 (7), Lys 1.03 (1). 

Mice and immunization 

Six to 8-week-old female BALB/c mice were from Janvier (Le 
Genest Saint-Isle; France). Mice were injected intraperito- 
neally with peptides or glycopeptides in complete Freund's 
adjuvant (CFA; Sigma), then boost injections were per- 
formed in incomplete Freund's adjuvant (IFA; Sigma). Sera 
were collected and tested to detect for the presence of 
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anti-Tn antibodies by enzyme-linked immunosorbant assay' 
(ELISA) or FACS. 

ELISA (for antigenicity) 

The PV- and TT-glycopeptides were coated in 50 mM 
carbonate buffer pH 9.6 by overnight incubation at 37°C 
on microtiter plates; several dilutions of MLS 128 [a mouse 
IgG3 specific for the Tn antigen (15)] were then added for 1 h 
at 37°C. After washing, the MLS 128 mAb bound to the 
coated compound was revealed using goat antimouse IgG 
peroxidase conjugate (Sigma) and O-ph enyl diamine/H^O* 
substrates. The reaction was stopped by H,S 0 4 and the 
optical density (OD) read at 49211m with an ELISA 
autoreader (Dynatech, Mames la Coquette, France). 

For the inh ibition studies, streptavidin-coated microtiter 
plates (Sigma, St Louis, MO, USA) were used and incubation 
with the biotinylated glycopeptide Tn 3 G 6 K (Biot)G was 
performed for ih at 37°C. MLS 128 mAb, at lpg/mL, was 
then added to the streptavidin-coated plates with serial 
dilutions of the synthetic competitors (peptide or glycopep- 
tide) for 30 min. 

Results are expressed as the percentage of inhibition 
calculated from the values obtained without any competitor 
(O^inax) or in the presence of a competitor peptide 
(OD comp ).% inhibition = 100 x [i-(OD comp ./OD mlI |). 

ELISA (antibody titer) 

Mouse sera were tested for anti-Tn antibodies with ELISA 
using the synthetic glycopeptide Tn 3 G 6 K (Biot)G or the 
unglycosylated analog STTG^K (Biot)G as control. The 
biotinylated peptides at 1 pg/mL were incubated for 1 h at 
37°C on streptavidin-coated microtiter plates. Serial dilu- 
tions of sera were then added to the plates,- bound antibodies 
were revealed using goat antimouse IgG or IgM peroxidase 
conjugate (Sigma). The titers were calculated to be the log xo 
highest dilution that gave twice the signal obtained with 
naive mice sera tested at a dilution of 1 : 100. 

Flow cytometry (FACS) 

Mouse sera were tested at serial dilutions by flow cytometry 
on the human Jurkat tumor cell line expressing Tn. Cells 
were first incubated for 30 min with sera at 4°C in 
phosphate-buffered saline (PBS) containing 5% fetal calf 
serum (FCS) and 0.05 % sodium azide and further incubated 
30 min with goat antimouse IgM conjugated to fluorescein 
isothiocyanate (HTC, Pharmigen, San Diego, CA, USA) and 


with a mixture of biotinylated antimouse IgGx, IgGza, 
IgG2b and IgG3 antibodies from goat (Amersham, Les Ulis, 
France). IgG binding was then revealed using streptavidin- 
phycoerythrin (PE, Sera-Lab). Paraformaldehyde (PFA)-fixed 
cells were analyzed on a FACScan flow cytometer (Becton 
Dickinson, Mountain View, CA, USA) and analysis per- 
formed with CellQuest software (Becton Dickinson). The 
titers on Jurkat cells were calculated to be the log 1Q highest 
dilution that gave twice the geometric mean of fluorescence 
obtained with unstained cells. 1 

Results and Discussion 

Synthesis 

The glycopeptides were assembled by the conventional 
solid-phase peptide methodology using Fmoc chemistry, 
which is compatible with glycopeptide synthesis. The 
appropriately protected amino acids were incorporated 
into the peptide sequence using TBTU/HOBT/DIEA as the 
coupling reagent (30, 31). Of interest was the incorporation 
of three successive Tn residues, which could be achieved 
With the fully deprotected sugar. Several groups described 
the coupling of a single N-terminal glycosyl am inn acid with 
unprotected carbohydrate hydroxyl groups (10, 34-36). 
However, to our knowledge, few examples of synthesis 
with subsequent coupling steps have been described (37-39). 
In our case three O-glycosylated Fmoc-amino acids Fmoc- 
Ser/Thr (a-GalNAc)-OH could be incorporated sequentially 
as their Pfp-esters (32, 33). This is very advantageous since it 
avoids potential side reactions (racemization and/or 0- 
elimination) associated with the final deacetylation of the 
sugar residue, although this risk has been shown to be 
limited (40). Furthermore, deprotection of the acetyl groups 
of three sugar units is difficult to follow by HPLC when the 
structure is multimeric as in the case of the MAG 
constructs. 

To synthesize the Tng-PV glycopeptide, a glycine residue 
was introduced as a spacer on the two amino groups of the 
N-terminal lysine residue to reduce steric hindrance (see 
Fig. 1 for the identification of the glycopeptides). 

Antigenicity 

The antigenicity of the mono-, tri- and hexa-Tn glycopep- 
tides containing the PV sequence 103-115 (Tn-PV, Tn 3 -PV, 
Tng-PV, respectively) and the tri-Tn glycopeptide with the 
TT sequence 830-844 (Tn 3 -TT) was first evaluated by 
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measuring the recognition of the Tn motif using the 
MLS 128 mAb {Fig. aA). The tri- and hexa-Tn peptides are 
efficiently recognized by MLS 12,8, whereas the mono-Tn- 
PV and the PV peptides are not. In contrast, the tri-Tn 
glycopeptide with three D-serine residues is also recognized 
by the antibody. Since the chirality of the D-(Tn 3 ) motif in 
the PV-glycopeptide does not affect recognition of the 'Tn 
motif' by MLS ia8, the aglycone (Ser/Thr) might not be of 
crucial importance. 

The influ ence, on MLS 128 binding, of the position of the 
tri-Tn motif within the peptide backbone was then 
investigated. For this purpose, an inhibition assay was 
performed using Tn 3 G«KG or KG 4 Tn 3 G 3 glycopeptides as 
competitors for the binding of MLS 128 to Tn 3 G s K (Biot)G 
coated on a streptavidin layer. The model polyglycine 
glycopeptide Tn 3 G 6 KG was chosen for the competition 



competitor (pM) 



competitor fyiM) 

Figure 2. Antigenicity of Tn-glycopeptides using the MLS 128 mAb. 
MLS 128 binding to various Tn-glycopeptides was assessed by direct 
ELISA (A). Inhibition of MLS 128 binding to Tn3G6K(Biot)G |B, C) 
was performed by competitive ELISA using the indicated Tn- 
glycopeptides as described in Experimental Procedures. 


assays because it competes efficiently with asialo ovine 
submaxillary mucin (a-OSM) for MLS 12.8 binding, whereas 
the unglycosylated parent peptide, STTG s KG, does not (data 
not shown). As can be seen in Fig. 2B, the inhibition is 
similar whether the tri-Tn cluster is at the N-terminal end 
of the peptide or in the middle of the peptide chain. 

Furthermore, recognition of the tri-Tn sequence by 
MLS 128 is affected only slightly by the nature of the 
adjacent peptide as shown in Fig. 2C, in inhibition studies 
with Tn 3 -PV, Tn 3 -TT or Tn 3 G 6 KG. These results indicate 
that the binding of the tri-Tn ligand to MLS 128 does not 
really depend on the peptide backbone. This is particularly 
important given the fact that the association of the Tn motif 
with a T-cell peptide is required for its immunogenicity. 

Using MLS 128, strong immunoreactivity was observed 
with synthetic MUC-i peptides (14 Thr) containing nine or 
10 GalNAc residues; however, the site of glycosylation in 
the peptide was not clearly determined (41). In contrast, the 
MLS 128 mAb was shown to recognize a tri-Tn motif on 
glycophorin {17] suggesting that the density of the Tn motif 
can be a critical point for antibody recognition. This point is 
illustrated in Fig. 2C by the incapacity of a mono-Tn 
glycopeptide (Tn-PV) to inhibit MLS 128 binding. 

In order to improve the antigenicity of the Tn-based 
glycopeptides, the density of the Tn motif was further 
increased by introducing one tri-Tn motif on each amino 
"group of the N-terminal lysine residue of the PV peptide 
(Tn 6 -PV). As shown in Fig. 2C, this strategy leads to 
significant enhancement of the antigenicity (measured in 
the competition assay) compared with the Tn 3 -PV peptide. 

Immunogenicity 

To analyze the ability of Tn-based linear glycopeptides to 
induce anti-Tn antibodies, BALB/c mice received three 
injections of the Tn-PV, Tn 3 -PV, D-(Tn 3 )-PV and Tn s -PV 
glycopeptides or of the control PV peptide corresponding to 
the T-cell epitope alone. Sera, were collected after each 
immunization and tested for IgG and IgM anti-Tn antibodies 
by ELISA using a glycopeptide with a tri-Tn motif associated 
with a polyglycine backbone, Tn 3 G 6 K(Biot)G, which is 
unrelated to the PV sequence (Fig. 3). Another glycopeptide 
with an irrelevant sequence to PV was tested (Tn 3 -TT) with 
s imil ar results (unpublished data). 

Under these conditions, anti-Tn IgM antibodies were 
detected after imm uniz ation with the Tn^-PV peptide and d- 
(Tn 3 )-PV (Fig. 3A). A slightly lower antibody response was 
obained when mice were imm unized with Tn 3 -PV. Inter- 
estingly, these three short glycopeptides also induced 
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days 

Figure 3. Anti-Tn antibodies induced in mice immunized with Tn- 
gly copeptides as measured by ELISA. Mice (four per group) received 
three injections (days o, 21 and 4a) of sopg PV, Tn-PV, Tn 3 -PV, 
Tn s -PV and D-|Tn 3 )-PV in CFA for the first injection and in IFA for 
boost injections. After each injection, sera were collected and 
analyzed for anti-Tn antibody response using the Tn 3 G 6 K(Biot)G 
glycopeptide (IgM in A and IgG in B). No sera binding was observed in 
ELISA using the unglycosylated STTG 6 K(Biot)G peptide as the coating 
antigen (data not shown). Results are expressed as the mean of 
individual antibody titers. Serum titers < 100 are considered negative 
since sera were tested at a starting dilution of 1 : 100. 

anti-Tn IgG antibodies; unexpectedly however, the level was 
somewhat higher for the Tn 3 -PV glycopeptide than for the d- 
(Tn 3 )-PV and the Tn s -PV homologs (Fig. 3B). This level, 
obtained with a linear glycopeptide in the absence of a 
carrier molecule, is similar to the IgG titer obtained with the 
dendrimeric MAG construct described earlier (10). We 
checked that no Tn-specific antibodies were detected after 
injection of the PV peptide showing the Tn specificity of the 
antibodies (Fig. 3B). Interestingly, the Tn-PV glycopeptide 
did not induce any Tn antibody. This result is in agreement 
with the lack of recognition of the mono-Tn glycopeptide by 
the MLS 128 mAb (Fig. aC), and confirms that Tn cluster 
structures are required for efficient antibody production. 

Peptides with contiguous B- and T epitopes have been 
reported to give a protective immun e response in the 
absence of carrier molecules (42-45). However, little is 



known about the immunogenicity of glycopeptides as far as 


antibody production against the sugar moiety is concerned. ! 

Only a few examples of carbohydrate-specific antibodies j 

raised after glycopeptide immunization have been pub- 
lished. Synthetic peptides containing either a pentasacchar- 
ide (46) or repeating units of 3-0-D-ribose-( 1 , 1 )-D-ribitol- 
5 -phosphate (PRP) (47) have been shown to induce a good 
level of antibodies against the carbohydrate part of the 
glycopeptide. Other examples of immunogenic glycopep- 
tides are known. However, the antibody specificity involves 
both the carbohydrate and peptide moieties (48, 49). Here we 
show that glycopeptides bearing a tri-Tn motif at the N- 
terminal end of a CD4 + T-cell epitope are also able to induce 
the production of anti-Tn antibodies without the help of a 
carrier protein. 

To determine whether these mouse sera were able to 
recognize the native Tn antigen, we titrated the anti-Tn 
reactivity obtained after the last immunization using 
human Jurkat T-lymphoma cells that express the Tn 
antigen (2,0). Figure 4 shows that sera from BALB/c mice 
immunized with Tn 3 -PV, D-(Tn 3 )-PV and Tn 6 -PV bound this 
human dell line demonstrating that Tn-specific antibodies 
induced by these glycopeptides recognize the native form of 



IgM IgG 

Figure 4. Anti-Tn antibodies induced in mice immunized with Tn- 
gly copeptides as measured by FACS using a human tumor cell line 
bearing the Tn antigen. Flow cytometry analysis was carried out on 
human Jurkat cells incubated with serial dilutions of sera from 
BALB/c mice (four per group) immunized on day o with 5° W5 Tn-PV, 
Tnj-PV, Tn*-PV and D-(Tn 3 |-PV in CFA, then boosted on days 21 and 
4a in IFA with the same antigens. The sera axe from mice bled 8 days 
after the last injection. Binding was detected using FITC-labeled 
antibodies specific for mouse IgM, and antimouse IgG biotinylated 
antibodies revealed with strep tavidin-PE. Results are expressed as the 
mean of individual antibody titers calculated as indicated in 
Experimental Procedures. Serum titers < 50 (dashed line) are 
considered negative since sera were tested at a starting dilution of 
i:jo. 
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Tn on human tumor cells. However, the pattern of antibody 
titers is different whether the titration is performed by 
ELISA using the Tn 3 G<sK (Biot)G glycopeptide (Fig. 3) or by 
FACS using the Jurkat cell line (Fig. 4). Recognition of the 
Jurkat cells was better with Tn^-PV- than with Tn 3 -PV- 
induced antibodies (for both IgM and IgG). Interestingly, the 
antibody production obtained with the tri-D-(Tn 3 ) glycopep- 
tide [D-(Tn 3 )-PV] containing three D-serine residues is 
similar to that obtained with Tn 3 -PV itself. This result 
could be useful for the development of MAG- constructs 
since it would protect the tri-Tn antigen from hydrolysis by 
the proteases. 

The choice of the tri-Tn motif (Tn 3 G s KG) for the ELISA 
was based on the structural motif recognized by the 
MLS 128 mAb [17]. Although it allows the detection of 
antibodies raised against the Tn 3 - or Tn g -PV glycopeptides, 
it only represents a Tn artificial probe. By contrast, Tn 
recognition measured on Jurkat cells by FACS represents a 
more accurate view of the natural structure available at the 
cell surface for antibody recognition. Under these condi- 
tions, the double tri-Tn motif (Tn^-PV) provides a significant 
benefit over the single tri-Tn motif (Tn 3 -PV) in the induction 
of anti-Tn-specific IgM and IgG antibodies. 
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Although the Jurkat cell may not represent the cell 
prototype for the Tn expression level, no carcinoma cell 
clones can correctly mimi c the natural diversity of 
mucinous cancer cells. Indeed, unveiling of cryptic Tn on 
carcinoma cells probably leads to highly variable Tn clusters 
on mucin-like proteins depending on the Ser/Thr content of 
the amin o acid sequence. We may expect that if the Tn 
content is high in the glycopeptidic immunogen, the 
antibody response will be adapted for recognition of various 
types of natural Tn clusters. 

In conclusion, we show here that the conjugation of tri- or 
hexa-Tn motifs to a linear CD4* T-cell epitope successfully 
induces antd-Tn antibodies. These results are promising for 
the further development of dendrimeric MAG constructs 
bearing tri- or hexa-Tn clusters. Indeed, a stronger response 
can be expected for these tri-Tn-MAG since the mono-Tn- 
MAG construct itself, when used in immunotherapy, has 
already been shown to give some protection in tumor- 
bearing mice [14]. 
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AntS^Tummoir , ImmuJurnStty ProvMedl bj a .Symttihiettk; MinMpfl® 
AmMgemk OycopeptlMe BfispMymg a Trii-Tm Glyeotope 1 


Richard Lo-Msua, 2 * Sophie VicMer-Graerre, 1 ' Sylvie Bay,* Edith B6riaimd,* 

Banifele Cantacuz&nie,* amd Claude Leclerc* 

In many cancer cells the alteration of glycosylation processes leads to the expression of cryptic carbohydrate moieties, which make 
them good targets for immune intervention. Identification of cancer-associated glycotopes as well as progress in chemical synthesis 
have opened up the way for the development of fully synthetic immunogens that can induce anti-saccharide immune responses. 
Here, we synthesized a dendrimeric multiple antigenic glycopeptide (MAG) containing the Tn Ag 0-Unked to a CD4 + T cell 
epitope. This MAG is based on three consecutive Tn moieties (tri-Tn) corresponding to the glycotope recognized by an mAb (MLS 
128) produced « gntn«* the LSI 80 colon carcinoma cell line. The Abs induced by this MAG recognized murine and human tumor 
cell lines expressing the Tn Ag. Prophylactic vaccination using MAG provided protection of mice against tumor challenge. When 
used in active specific immunotherapy, the MAG carrying the tri-Tn glycotope was much more efficient than the mono-Tn 
analogue in promoting the survival of tumor-bearing mice. Furthermore, in active specific immunotherapy, a linear glycopeptide 
carrying two copies of the tri-Tn glycotope was shown to be poorly efficient compared with the dendrimeric MAG. Therefore, both 
the clustering of carbohydrate Ags and the way they are displayed seem to be important parameters for stimulating efficient 
anti-saccharide immune responses. The Journal of Immunology, 2001, 166: 2849—2854. 


I he identification of tumor-associated Ags in melanomas 
and in several other human cancers has opened up a new 
basis for cancer vaccines (1). A number of tumor-derived 
peptides have been identified in die last few years and used as 
therapeutic immunogens in combination with, different adjuvants. 


such as bacillus Calmette-Guerin, IFA, QS-21 (2, 3), or heat shock 
protein-peptide complexes (4). Other approaches based on DNA 
vaccines, recombinant virus shuttles, or tumor cells transfected 
with genes encoding costimulatory molecules or cytokines (5, 6) 
have also been developed to stimulate anti-tumor immunity. In the 
last few years, the use of dendritic cells has emerged as a new 
exciting area for cancer immunotherapy (7), because dendritic 
cells loaded with tumor peptides can induce immune responses 
preventing the outgrowth of tumors in mice (8). All these ap- 
proaches aimed at stimulating peptide-specific T cell immune re- 
sponses are promising; however, the efficacy of future immuno- 
therapeutic treatments should rely on the stimulation of both Ah 
and cellular anti-tumor immune responses (9). 

Tumor-associated carbohydrate Ags are also potential targets 
for anti-cancer therapy (10). Among these Ags, T, Tn, sialyl-Tn, 
and the gangiioside GM2 are the most well known. Covalent at- 
tachment of fire carbohydrate Ags to protein carriers is tradition- 
ally used to induce anti-cancer Ab responses, and tire resulting 
immunogens were shown to increase survival inpatients. The most 
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promising beneficial effects of tumor vaccination using tills strat- 
egy were found for the GM2/keyhole limpet hemocyanin (KLH) 3 
conjugate against melanoma (1 1) or the sialyl-Tn/KLH conjugate 
against breast, ovarian, and colorectal cancers (12). 

Recently, we developed a fully synthetic immunogen that does not 
require protein earner (13, 14). This system, called multiple antigenic 
glycopeptide (MAG), is based on a dendrimeric lysine core with four 
arms analogous to the multiple antigenic peptide (MAP) construct of 
Tam (15). Each arm is linke d to a peptide backbone containing a 
CD4 + T cell epitope (PV peptide) with a monomeric saccharide Tn 
residue at die N-terminal end of fee peptide (MAG:Tn-PV). This con- 
struction offers several advantages: die carbohydrate content is much 
higher than in traditional protein conjugates, the core matrix is non- 
immunogenic, and the construction has a well-defined chemical struc- 
ture. A therapeutic immunization performed with this immunogen 
was shown to increase die survival of tumor-bearing mice (14). 

Polysaccharidic cancer-associated Ags (GM2, GD2, Globo H, 
Le* Sialyl-Tn) can display large glycotopic structures available 
for Ab binding sites. In contrast, Tn, which is a monosaccharidic 
Ag (ce-GalNAc-Ser/Thr) found on mucin-type glycoproteins and 
expressed on most human adenocarcinomas (16), was shown to be 
recognized by different mAbs as Tn clusters (17—20). Recent en- 
couraging results obtained with a linear glycopeptide based on a 
tri-Tn glycotope recognized by the MLS 128 mAb showed that 
an ri-Tn Abs can be successfully induced in mice in the absence of 
a carrier protein (21). To further improve our MAG vaccines, the 
introduction of a cluster of three Tn was undertaken to m i m ic 
native sources of Tn on tumor cells. 

We present here die results of both prophylactic and therapeutic 
vaccinations using a MAG construct wife a lysine core carrying four 
copies of fee PV peptide further extended with a tri-Tn glycotope 
(MAG:Tn3-PV). hi both cases, the MAG:Tn3-PV afforded good pro- 
tection against the development of Tn-expressing tumor cells. 


s Abbreviations used in this paper: KLH. keyhole limpet hemocyanin; MAG, multiple 
antigenic glycopeptide; ASL active specific immunotherapy; CY, cyclophosphamide; 
MAP, multiple antigenic peptide; aOSM, asialo-ovine subxnaxillaty mucin. 
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A SYNTHETIC VACCINE BASED ON A TRI-TN GLYCOTOPE FOR IMMUNOTHERAPY 


Materials and Methods 

Synthesis 

Hie Tn Ags (a-G alN Ac-Ser/Thr) were synthesized by classical methods 
(22, 23). Synthesis of the MAG:Tn-PV, MAG:Tn3-PV, MAP:PV, MAP: 
PV2, and Tn6-PV was performed by solid phase methodology using Fmoc 
chemistiy as described previously (13, 21). After attachment of the /3- 
alanyl spacer on the Wang resin the lysine core was assembled by coupling 
successively two levels of FtnocLys-(Fmoc)-OH, providing four amino 
groups. The lysine core was further elongated by the amino acids of the T 
epitope sequence of the poliovirus (KLFAVWKJTYKDT) (24) to produce 
die MAPtPV. The glycosylated amino acid ot-GalNAc-Thr-OH was then 
introduced on the four branches as its pentafluorophenyl .ester in the. 
presence of A'-hydroxybenzotri azole (21). The incorporation was repeated, 
and ultimately cr-GalNAc-Ser-OH (pfp ester) was coupled to the construc- 
tion. After deprotection and cleavage from the resin the products were 
purified by HPLC using a Perkin-Elmer pump system (Foster City, CA) 
with a UV detector at 230 om; the column was a Nucleosfl C, 8 (5 pan, 
300A, 250 x 10 mm), and the gradient was performed with water (0.1% 
trifluoroaoetic acid)/acetomtrile over 20 min (MAG:Tn3-PV: gradient ftom 
5 to 60%; retention time, 12 min; amino acid analysis: Ala 3.75 (4), Asp 
4.56 (4), lie 4.13 (4), Leu 4.04 (4), Lys 16.6 (15), Phe4.0 (4), Ser3.82 (4), 
Thr 16.07 (16), Tyr 4.6 (4), Val 4.01 (4)). 

Mice and Immunization 

Five- to 8-wk-old female B ALB/c mice were obtained from Ifia Credo (St 
Germain sur l’Abresle, France). To test immunogenicity of the MAG con- 
struct, mice were injected i.p. three times with Ag mixed with alum (Serva, 
Heidelberg, Germany) at 3-wk intervals. For vaccination expe rime n t s, 
mice received three Lp. injections of Ag mixed with alum or alum alone at 
10-day intervals, and 1 0 days after die last boost, mice were challenged i.p. 
with 1,000 or 20,000 TA3/Ha cells prepared as described below. Alterna- 
tively, mice were challenged with the CT26 cell line (provided by Dr. R. A 
Reisfeld, The Scripps Institute, La Jolla, CA) that does not express Tn. In 
some experiments, mice were treated with GK1.5 (anti-CD4) or H35.17.2 
(anti-CD8) mAh (200 fig of mAh on days - 1, 0, and 1 at tire time of 
immunization), in all cases sera were collected after each immunization 
and tested for the presence of anti-Tn Abs by ELISA or FACS. 

ELISA 

To test the hinding ofMLS128 (a mouse lgG3 specific for the Tn Ag (25); 
a gift from Dr. H. Nakada, Kyoto Sangyo University, Kyoto, Japan) to the 
MAG constructs, an ELISA was performed as previously described ( 1 3) by 
coating Ags at 1 ftg/ml in 50 mM carbonate buffer, pH 9.6. Mouse sera 
were tested for anti-Tn as previously described (2 1), using the synthetic 
glycopeptide Tn3-G6K(Biot)G or the nonglycosylated analogue 
STTG6K(Biot)G as a control. Briefly, the biotinylated peptides at 1 pig/ml 
were incubated for 1 h at 37°C an streptav idin-coated microtiter plates. 
Then, serial dilutions of sera were performed, and bound Abs were re- 
vealed using goat anti-mouse IgG or lgM peroxidase conjugate (Sigma) 
and o-phenyldiamine/HjOa substrates as previously described (13). Plates 
were read photometrically at 492 am in an ELISA autoreader (Dynatech, 
Mames la Coquette, France). The negative control consisted of naive 
mouse sera diluted 100-fold. ELISA Ab titers were determined by linear 
regression analysis, plotting dilution vs absorbance at 492 am. The titers 
were calculated to be the log, 0 highest dilution that gave twice the absor- 
bance of normal mouse sera diluted 1/100. Titers were given as the arith- 
metic mean ± SD of the log l0 titers. 

Flow cytometry 

Mouse sera were tested at serial dilutions by flow cytometry on two tumor 
cell lines expressing the Tn Ag, the human Jurkat cell (26), and the murine 
TA3/Ha cell (27). Cells were first incubated for 30 min with serial dilutions 
of sera at 4°C in PBS containing 5% FCS and 0.05% sodium azide. Then, 
cells were incubated 30 min with anti-mouse IgG conjugated to FiTC and 
with an anti-mouse lgM conjugated to PE (Caltag, Burlingame, CA). Cells 
were analyzed on a FACS can flow cytometer (Becton Dickinson, Mountain 
View, CA), and analysis was performed with CeUQuest software (Becton 
Dickinson). The titers were calculated to be the logjo highest dilution of 
sera that gave twice the geometric mean of fluorescence obtained with cells 
incubated with secondary reagents alone. For competition assay, 5 X 10 s 
Jurkat cells were incubated with 1 ptg/ml of tire MLS 1 28 mAb mixed with 
serial dilution of MAG, control MAP, or asialo-ovine submaxillary mucin 
(aOSM; given by Dr. E. Osiaaga, Facultad de Medicina, Montevideo, Uru- 
guay) for 30 min at 4”C, then the binding of MLS128 to Jurkat cells was 
revealed with an anti-lgG-FITC. Results are expressed as the percent in- 
hibition of the signal obtained with MLS128 alone. 


Anti-tumor immunotherapy 

For tumor implantation, the preparation of the murine mammary adeno- 
carcinoma cell line, TA3/Ha, differs from our previously published work in 
which freshly isolated TA3/Ha from in vivo passages was direotly used 
(14). Hoe, the TA3/Ha cells were grown by passage on B ALB/c mice and 
were frozen to obtain a homogeneous batch. Two or 3 days before tumor 
graft, cells were thawed and cultured in vitro in DMEM containing 5% 
FCS. Cells were then recovered and centrifuged at 500 rpm for 5 min. in 
these conditions, cells recovered from the pellet were homogeneous in size 
and included <50% dead cells. Cells were checked for Tn expression by 
FACS using tire MLS 128 mAb before implantation. One thousand TA3/Ha 
live cells were administered i.p. to 5-wk-old B ALB/c mice, then mice were 
s.e. injected several times, alternatively at tire tail base and in the neck, with 
100 pg of MAG constructs with 1 mg of alutn. Survival of treated and 
untreated mice was followed for >100 days. Statistical analysis of survival 
curves was performed with StatView software (Abacus Concepts, Betke- 
iey, CA) using the log-rank test 

Results and Discussion 

Antigenicity of MAG:Tn3-PV 

We previously showed that a dendrimeric MAG containing a 
monosaccharidic Tn motif at the N terminus of its four peptidic 
arms (MAG:Tn-PV) was able to induce Tn- specific Abs in a T 
cell-dependent manner (1 4). As fire Tn Ag is expressed as clusters 
in mucin proteins, it should be advantageous to mimic naturally 
occurring Tn structures displayed by cancer cells. Moreover, 
dimeric and trimeric carbohydrate epitopes associated with protein 
carrier have already been shown to be more effective in generating 
Ab response than die monomeric analogue (28, 29). Similarly, we 
showed, using short synthetic glycopeptides, that a Tn cluster was 
required to induce an efficient immune response (21). To improve 
our MAG, we have therefore introduced a Tn cluster correspond- 
ing to the glycotope recognized by (be MLS 128 mAb. The 
MLS 128 is a Tn-specific mAb obtained after immunizing mice 
with the human carcinoma cell line LS 1 80 (2S), and this mAb was 
shown to bind to a tri-Ta cluster ((a-GalNac)-Ser-(a-Ga]Nac)- 
Thr-(of-GalNac)-Thr) on mucin-like proteins (17, 18). This mAb 
can also recognize a dimeric Tn within the (a-GalNac)-Ser-(a- 
GalNac)-Thr-Thr sequence, but with a much lower affinity (30). 
Although we previously showed that a linear glycopeptide based 
cat three consecutive (o-GalNac)-D-Ser was able to induce anti-Tn 
Abs (21), the lade of contribution of the aglyconic part of the 
structure (Ser or Thr residues) to Ab binding is not clearly estab- 
lished. Therefore, based on the initial (cs-GalNac)-Ser-(ot-GaINac)- 
Thr-(a-GalNac)-Thr sequence described for MLS 128 binding, we 
synthesized a dendrimeric MAG with four arms containing the PV 
CD4 + T cell epitope (MAG:Tn3-PV; see Table I and Fig. 1). Two 
dendrimeric MAP controls were also synthesized comprising the 


Table 1. List of compounds used in this study 


Compound” 

Peptidic Backbone 

Gtycosidic Moiety No. 
of Tn Copies 

PV peptide 
(no. of copy) 

Additional 
?rr|inQ acid 6 

Per 

branch 

Per 

compound 

STT-G6K(Biot)G 

- 

- 

- 

- 

Tn3-G6K(Bior)G 

- 

— 

3 

3 

MAPtPV 

4 

- 

- 

— 

MAPiPV2 

4 

STT 

~ 

— 

MAG:Tn-PV 

4 

S” 

1 

4 

MAG:Tn3-PV 

4 

S*T*T° 

3 

12 

Tn6-PV 

1 

(S*T*T*G)i 

3 

6 


" MAP and MAG refer to dendrimeric compounds based on the (Lysh-Lys./SAla 
core. The PV peptide corresponds to the KLFAVWKJTYKDT poliovirus sequence. 
h Asterisks refer to glycosylated amino acids. 
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FIGURE 1. A, Schematic representation of MAG:Tn3-PV. B, HPLC 
elution profile of MAG:Tn3-PV. 


PV sequence alone (MAP:PV) or the same construct with an ad- 
ditional SIT peptide (MAPPV2; Table I). 

We first evaluated the recognition of Tn in die MAG:Tn3-PV by 
die MLS 128 mAb. Using direct ELISA, the MLS 128 Ab can very 
efficiently bind to the MAG:Tn3-PV compared with the former 
MAG:Tn-FV carrying a monomeric Tn (Fig. 2A). No MLS 128 
binding was observed using (he control dendrimeric MAP com- 
pounds devoid of Tn (MAP:PV and MAP:PV2). To precisely com- 
pare the two MAGs, we tested by FACS the ability of the two 
constructs to inhibit the MLS 128 binding tn native Tn structures at 
the surface of the human Jurkat cell line. In these conditions, 
MAG:Tn3-PV strongly inhibited MLS 128 binding to Jurkat cells, 
whereas MAG:Tn-PV did so only weakly (Fig 2fl). The MAG: 
Tn3-PV inhibition was as efficient as that obtained with aOSM. 

MAG:Tni-PV induces Abs that recognize tumor cells 

We next evaluated the immunogenicity of the MAG:Tn3-PV com- 
pound by immunizing mice with MAG:Tn3-PV, MAG:Tn-PV or 
control MAP:PV2. Mice were immunized three times (days 0, 21, 
and 42) and were bled 1 wk after each immunization, and then 
regularly over a 6-mo period. Sera were tested for IgG and IgM 
Tn-specific Abs by ELISA using a biotinylated glycopeptide con- 
taining a tri-Tn cluster (Tn3-G6K(Biot)G). Fig 3 shows that Tn- 
specific Abs (both IgG and IgM) were induced by MAG:Tn3-PV 
and MAG:Tn-PV, but not by the control MAPPV2. However, the 


A 



B 



FIGURE 2. Compared antigenicity of mono-Tn- vs tri-Tn-based multi- 
ple antigenic glycopeptide. A, MLS 128 mAb specific for Tn was tested by 
ELISA for reactivity to the MAG:Tu-PV, MAG:Tn3-PV, or control 
MAP:PV or MAPPV2 coated at 1 fig/ml. B, Inhibition of MLS128 mAb 
binding to the Tn-positive Jurkat cell by MAG carrying the Tn Ag. Jurkat 
cells were incubated with MLS 128 at 1 fig/ml together with various con- 
centrations of MAG:Tn-PV, MAG:Tn3-PV, MAP:PV, MAP:PV2, or 
aOSM. MLS 128 binding was detected by FACS using an anti-mouse IgG 
labeled with F1TC. Results are expressed as the percent inhibition calcu- 
lated from the Jurkat-associated fluorescence obtained with MLS 128 alone. 

Tn-specific response induced by the MAG:Tn-PV slowly in- 
creased after immunization, whereas that induced by the MAG: 
Tn3-PV rapidly increased after two injections and then remained 
stable for 5 mo. The isotypic analysis of MAG:Tn3-PV-induced 
Abs shows that IgGl Abs were predominant, but sera also con- 
tained a large amount of IgG3 Abs, which traditionally character- 
ize anti-carbohydrate Ab responses in mice (data not shown). The 
increase in Tn density in the MAG did not modify the Th depen- 
dency of the anti-Tn Ab response, because this response was abol- 
ished when mice were depleted of CD4 T cells in vivo, but re- 
mained unchanged when CD8 T cells were depleted (data not 
shown). These results show that the introduction of a tri-Tn gly- 
cotope, instead of a monomeric Tn, into the MAG strongly in- 
creases the immunogenicity of the Tn Ag and makes the response 
more persistent 

Mucins and mucin-like proteins are characterized by a high de- 
gree of O-glycosylation through Ser or Thr residues; however, 
apomucin sequences and glycosylation frequency of acceptor sites 
remain heterogeneous. Recently, Reis et al. (20) showed that Tn- 
specific Ab responses induced in mice and rabbits by a glycosy- 
lated MUC2 peptide did not recognize Tn on asialo ovine sub- 
maxillary mucin, which is commonly used to test Tn reactivity. 
Therefore, the choice of a given Tn glycotope recognized by a 
single mAb, here three adjacent Tn on a STT backbone, could lead 
to the induction of a skewed anti-Tn immune response. To ensure 
that Tn-specific Abs induced by the MAG:Tn3-PV can recognize 
native Tn structures, we analyzed by flow cytometry the binding of 
sera from immune mice to tumor cells. As shown in Fig. 4, titration 
of sera from MAG:Tn3-PV-immunized mice on murine adenocar- 
cinoma TA3/Ha ceils demonstrates positive binding of both IgM 


2852 


A SYNTHETIC VACCINE BASED ON A TRI-TN GLYCOTOPE FOR IMMUNOTHERAPY 


A 



FIGURE 3. MAG:Tn3-PV induces a tong-luting Tn-specific Ab response. 
BALB/c nrioe (five per group) woe immunised on days 0, 2 1, and 42 with 20 pg 
of MARPV2, MA&Tn-PV, or MAGtTn3-PV mixed with alum. Seta were col- 
lected 1 wk after each immunization or at various times until day 200 and were 
tested for Tn-specificIgM (X) and lgG(F)Abs try EUSA using Tn3-G6K(Biot)G. 


and IgG Abs, as opposed to the lack of binding of sera from mice 
immunized with MAPJPV2. Likewise, tine human Jurkat cell was 
well recognized by Abs induced after immunization with MAG: 
Tn3-FV, but not with MAP:PV2, These results show that native Tn 
structures on tumor cells are recognized by Abs induced by a 
MAG based on a tri-Tn glycotope, indicating that these Abs can 
efficiently target Tn-expressing tumor cells. 

Preventive vaccination with MAG affords protection against 
tumor challenge 

We next verified the capacity of MAG :Tn3-PV-induced Abs to target 
and reject the highly tumorigenic TA3/Ha adenocarcinoma in vivo. 
Mice were left untreated or was vaccinated three times with 10/igof 



" rn3 «?S^ 0 ^® TA3/Ha celts Jurkat celts 
(O-ISA) (FACS) (FACS) 


FIGURE 4. MAG:Tn3-PV-induced Abs bind to tumor cells expressing 
Tn. Serial dilutions of sera from mice (10/group) immunized on days 0, 21, 
and 42 with MAG:Tn3-PV or control MAPtPV2, as described in Fig. 2, 
were tested comparatively for binding to die Tn3-G6K(Biot)G by ELISA 
or to Tn-expressing tumor cell lines, the murine TA3/tia cell or the human 
Jurkat cell, by FACS, lg binding to tumor cells was revealed by double 
labeling with IgG-FITC and IgM-PE. Results are expressed as the mean of 
log| 0 individual Ab titers ± SD. 


MAP:PV orMAG:Tn3-PV in alum or with alum alone. Thai, 10 days 
after the last boost, mice were challenged with 1,000 TA3/Ha cells, 
and survival of mice to the TA3/Ha graft was followed for 100 days. 
As shown in Fig. 5A, ail untreated mice died within 30 days following 
tumor challenge. In contrast, 80% of mice vaccinated three times with 
10 jig of MAG:Tn3-FV mixed with ahim survived to the tumor chal- 
lenge, whereas 10% of mice survived in control groups receiving 
MAPtPV mixed with alum or alum alone (Fig. 5 A). The protection 
afforded by MAG:Tn3-FV against the TA3/Ha challenge ranged from 
70-90% depending on the dose of MAG used for vaccination (Fig. 



untreated 

alum 

MAPtPV 

MAG:Tn3-PV 



untreated 


MAG:Tn3-PV 

-o—AOjjq 

-o— lOOj/g 



Challenge: TASHa CT26 


FIGURE S. MAG:Tn3-PV vaccination protects mice against tumor 
challenge. A, Mice (10/group) were immunized on days —30, —20, and 
— 10 with 10 fig of MAP:PV orMAG:Tn3-PV mixed with alum or with 
alum alone, or were left untreated. On day 0, mice received 1000 TA3/Ha 
tumor cells, and survival was followed for 100 days. Statistical analysis of 
the MAG :Tn3-PV -vaccinated group gave p < 0.005 vs untreated group, 
p < 0.01 vs alum-treated group, and p < 0.01 vs MAP:PV-treated group. 
£, Following die same schedule as that in A, mice (10/group) received three 
injections of 10, 40, or 100 fig of MAG:Tn3-PV with alum or were left 
untreated before being challenged with 1,000 TA3/Ha tumor cells. Mice 
were monitored for survival for 100 days after the tumor challenge. All 
MAG :Tn3 -P V-vaccinated groups are statistically different from the control 
group ip < 0.01). C, Untreated, GK1.5 (anti-CD4)-treated, or H35.17.2 
(anti-CD8Mreated mice were vaccinated with alum or with 10 fig of 
MAG:Tn3-PV mixed with alum and then challenged with 20,000 TA3/Ha 
cells or CT26 cells. Ten mice were used for each group, and survival was 
followed for 100 days. 
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SB). In contrast, MAG:Tn3-PV vaccination did not protect mice 
against tire Tn-negative carcinoma CT26 cell line, showing the Tn 
specificity of the protection afforded by MAG. Prior to the tumor 
ch allenge, Tn-specific IgGwere onlydetected in MAG:Tn3-PV-vac-, 
cinated mice (Ab titers ranging from 5,000 to 100,000 as detected by 
ELIS A; data not shown). When mice were depleted of CD4 T cells in 
vivo, no anti-Tn Ab was induced, and the protection against TA3/Ha 
tumor challenge was totally abrogated, whereas CD8 T cell-depleted 
mice were still protected (Fig. 5 Q. Together, these results clearly 
show that the anti-Tn immune response induced by the MAG:Tn3-PV 
is able to confer a high protection rate against a tumor cell line ex- 
pressing Tn, and that this protection depaids on the induction of anti- 
Tn Abs requiring T cell help. 

MAG-bared active specific immunotherapy (ASI) 

Preventive vaccination has limited interest when targeting the im- 
mune response to cance r-associated Ags; therefore, cancer vacci- 
nation should prove efficacious toward pre-existing tumor cells and 
be used as a therapeutic tool Using tire TA3/Ha tumor model, 
Fung et al. (31) showed that ASI treatments based on a 0-Gal(l— 
3)a-GalNAc glycotope conjugated to the KLH (TF-KLH) can af- 
ford a substantial survival rate (25%) of TA3/Ha-bearing mice. 
Given the success obtained with the MAG :Tn3-PV vaccination on 
the survival of mice challenged with TA3/Ha cells, we next tested 
its efficacy in immunotherapeutic protocols. Mice were given 1000 
TA3/Ha cells and were then treated with 100 p.g of MAG:Tn3-PV 
in adjuvant (aluminum hydroxide or Freund’s adjuvant) or with 
adjuvant alone. In these conditions, about 35-40% survival was 
observed in MAG:Tn3-PV-treated groups, whereas all mice died 
in groups treated with adjuvant or left untreated (Fig. 6A). 


In various experimental models, anti-tumor immunity has been 
shown to be increased when immunotherapeutic treatments are 
combined with cyclophosphamide (CIO (32). The potentiation of 
anti-tumor immune, response following CY treatment has been re- 
cently reported for both CD8 and CD4 T cell subsets, suggesting 
that CY treatments may indirectly contribute to the production of 
T cell growth factors (33, 34). Although the molecular basis of CY 
activity remains to be clarified, low doses of CY definitely increase 
delayed-type hypersensitivity and Ab responses. In the TA3/Ha 
tumor model, when a single dose of CY was given next to the 
TA3/Ha tumor graft, the efficiency of ASI based on TF-KLH or 
epiglycanin was highly increased, leading to a 50—90% survival 
rate of tumor-bearing mice (31). Likewise, a significant protection 
against TA3/Ha was also reported with a treatment combining CY 
and desialylated ovine or bovine submaxillary mucin (35). We 
therefore associated CY administration together with the MAG: 
Tn3-PV treatment to determine whether this could improve the 
efficacy of the ASI. Following TA3/Ha tumor implantation, mice 
received on day 1 a single dose of 10 or 50 mg/kg of CY. As 
shown in Fig. 6 B, CY followed by immunization with alum alone 
did not modify the mortality of TA3/Ha tumor-bearing mice. 
When mice were given a 10 mg/kg dose of CY, followed by the 
MAG:Tn3-PV treatment given with alum on days 2, 5, 1 1, and 17, 
only 37.5% of mice survived. However, when MAG:Tn3-PV treat- 
ment was given after the administration of a 50 mg/kg dose of CY, 
the survival of T A3 /Ha-bearing mice reached 80% (Fig. 65). 
These results indicate that CY can improve the efficacy of the 
MAG:Tn3-PV treatment 

We further compared the efficacy of the MAG :Tn3-P V treatment 
with other immunogenic compounds. In a previous work, we showed 



Days Day* 

FIGURE 6- MAG-based immunotherapy successfully improved the survival of mice carrying a tumor expressing Tn. Mice received 1,000 TA3/Ha cells on day 0 and 
were then treated as described below or were left untreated, and survival was followed for 100 days. A, Mice (8-10/group) were treated with 100 pg of MAG:Tn3-PV 
in CFA/1FA or in alum or with adjuvant alone (CFA/IFA or alum) on days 2, S, 11, and 17 (p < 0.02 between MAGtTn3-PV/CFA and CFA groups andp < 0.0001 
between MAGtTn3-PV/alum and alum groups). B, Mice (8/group) received 10 or 50 tag/kg of CY on day 1 and then were treated with 100 pg ofMAG:Tn3^PV in «inm 
or with alum alone on days 2,5, 11, and 17 (p< 0.05 between MAGtTn3-PV/CY 10 and alum/CYlO groups and/> < 0.005 between MAG:Tn3-PV/CY50 and alum/CY50 
groups). C, Mice (10/group) received 50 mg/kg of CY on day 1 and then were treated on days 2, 4, 6, 8, and 12 with, alum alone or together wifo 100 pg ofMAG:Tn3-PV 
or wifo 100 pg of MA&Tn-PV (p = 0.057 between MAG:Tn-PV/CY50 and MAGtTn3-PV/CY50 groups). O, Mice (7— 12/group) received 50 mg/kg of CY on day 1, 
and then were treated on days 2,5, 11, and 17 with alum alone or together with 100 pg of MAGtTn3-PV or 100 pg of Tn6-PV (p < 0.01 between Tn6-PV/CY50 and 
MAG:Tn3-PV/CYS0 groups). 
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that a MAG compound based on a monomeric Tn (MAG:Tn-PV) was 
able to improve the survival of TA3/Ha-ba arin g mice (14). Fig. 6 C 
shows that ASI treatment performed with the MAGiTurPV together 
with CY leads to a 30% protection rate of tumor-bearing mice com- 
pared with the 60% protection afforded by foe MAG:Tn3-PV-based 
ASL This result is in agreement wife foe compared immunogenicity 
of both compounds (Fig. 3). More recently, we showed that a linear 
glycopeptide containing a T cell epitope associated with a double 
tri-Tn glycotope (Tn6-PV) was able to induce arrd-Tn Abs that rec- 
ognize Tn on tumor cell lines (21). The advantage of such a linear 
glycopeptide over foe MAG strategy is that synthesis, yield, and .pu- 
rification are easier to achieve. When. Tn6-FVwas used in ASI, only 
30% of mice survived to the TA3/Ha implantation compared with foe 
75% survival observed in foe MAG:Tn3-PV-treated group (Fig. 6D). 
In summary, we show that foe efficacy of ASI afforded by MAG is 
improved when foe Tn Ag is incorporated as a tri-Tn cluster rather 
than as a mono-Tn moiety, and that foe tri-Tn glycotope is much more 
efficient when displayed on the MAG structure compared with a linear 
glycopeptide. 

It is difficult to ensure that foe improved immunogenicity and 
therapeutic effects of the MAG:Tn3-PV compared with the MAG: 
Tn-PV result horn the use of the tri-Tn glycotope and do not result 
from a clustering effect due to the higher amount of Tn incorpo- 
rated into foe immunogen. However, foe results obtained with the 
linear glycopeptide (Tn6-PV) indicate that the beneficial effects of 
Tn clustering may be limited if foe number of Tn Ag per branch is 
considered. Moreover, the injection of the same microgram doses 
of Tn6-PV and MAG:Tn3-PV corresponds to a 1.5-fold greater 
amount of Tn or tri-Tn in the case of foe Tn6-PV, whereas it shows 
lower efficacy. Therefore, our results suggest that other parameters 
should be taken into account, for instance the flexibility of foe 
saccharide moiety. Indeed, there is probably much more rigidity in 
foe double tri-Tn cluster structure of the Tn6-PV, whereas foe 
MAG can display a large variety of Tn glycotopes through its four 
flexible peptidic arms that can better mimic foe diversity of natural 
Tn clusters. These issues are currently under investigation. 

Conclusion 

Together, our results show that a synthetic multiple antigenic gly- 
copeptide including a saccharide tumor-associated Ag together 
with an appropriate CD4 + T cell epitope is highly immunogenic 
and can efficiently allow rejection of implanted tumor cells when 
used in therapeutic treatment Our results also provide evidence 
that foe introduction of well-defined glycotope clusters in carbo- 
hydrate-based immunogens is important for the induction of an 
efficient and long-lasting antitumor response. 
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Abstract: Over the last few years, anticancer immunotherapy has 
emerged as a new exciting area for controlling tumors. In 
particular, vaccination using synthetic tumor-associated antigens 
(TAA), such as carbohydrate antigens hold promise for generating 
a specific antitumor response by targeting the immune system to 
cancer cells. However, development of synthetic vaccines for 
human use is hampered by the extreme polymorphism of human 
leukocyte-associated antigens (HLA). In order to stimulate a T-cell 
dependent anticarbohydrate response, and to bypass the HLA 
polymorphism of the human population, we designed and 
synthesized a glycopeptide vaccine containing a duster of a 
carbohydrate TAA 8 -ceil epitope (Tn antigen: tx-GalNAc-Ser) 
covalently linked to peptides corresponding to the Pan DR 
'universal' T-helper epitope (PADRE) and to a cytotoxic T 
lymphocyte (CTO epitope from the cardnoembryonic antigen 
(CEA). The immunogentcity of the construct was evaluated in 
outbred mice as well as in HLA transgenic mice (HLA-DR1, and 
HLA-DR4). A strong T-cell dependent antibody response specific 
for the Tn antigen was elidted in both outbred and HLA transgenic 
mice. The antibodies induced by the glycopeptide construct 
effidentiy recognized a human tumor cell line underlying the 
biological relevance of the response. The rational design and 
synthesis of the glycopeptide construct presented herein, together 
with its efficacy to induce antibodies spedfic for native tumor 
carbohydrate antigens, demonstrate the potential of a such 
synthetic molecule as an anticancer vaccine candidate for human 
use. 


Abbreviations: CEA, cardnoembryonic antigen; CTL, cytotoxic T 
lymphocyte; ESMS, electrospray mass spectroscopy; Fmoc, 

9-fl uorenylmethoxycarbony I; HLA, human leukocyte-associated 
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antigen; RP-HPLC, reverse phase high-performance liquid 
chromatography; MAG, multiple antigenic glycopeptide; PADRE, 
Pan-HLA-DR-binding epitope; PV, poliovirus; TAA, tumor- 
associated antigen. 


Introduction 

During carcinogenesis, modifications in the glycosylation 
processes lead to an altered carbohydrate pattern at the 
surface of cancer cells. This results in the expression of new 
tumor-associated antigens (TAA), some of which are cor- 
related with a poor prognosis {1,2). Recent advances in the 
identification and synthesis of numerous TAA, together 
with a better understanding of t um or immunology, provide 
a strong basis for antitumor therapeutic vaccines designed 
to induce specific potent immune response a gai n st over- 
expressed carbohydrate TAA {3}. Indeed, this strategy is a 
very active and promising field of research which holds 
tremendous potential as new and complementary approach 
for the treatment of cancer. 

Amongst the identified TAA are some well-known car- 
bohydrate antigens: Tn, T, sialyl-Tn, sialyl-T antigens, 
Lewis series antigens, and glyco lipid -derived antigens 
(KH-i, globo H, fucosyl-GMx, GMi, GD2, GD3). Several of 
these TAA have been synthesized {3,4). The recent example 
of molecules associating several different carbohydrates 
TAA are of particular interest (5,6). 

To trigger an efficient immune response, synthetic 
antigens are commonly linked to an immunogenic carrier 
protein. Immunization of mice with the resulting glyco- 
conjugates elicit carbohydrate specific antibodies which 
sometimes recognize tumor cell lines (3,7—10}. Some of the 
conjugates have been included in clinical trials for many 
years now (3,11,12}. The antibody response was found to be 
associated with a beneficial clinical effect in some volun- 
teers: GM2-KLH, sialyi-Tn-KLH increase survival in 
patients with, respectively, melanoma (13) and breast can- 
cers (14). However, many drawbacks are associated with the 
protein conjugates including carrier-induced epitopic sup- 
pression, low hapten density, irrelevant antibody produc- 
tion and uncertainty in both composition and structure. To 
overcome these limitations, we have recently developed 
totally synthetic epitope-based immunogens. Indeed, we 
synthesized glycopeptide vaccines displaying the Tn anti- 
gen (ot-GalNAc-Ser/Thi) as the carbohydrate TAA (15}. The 
Tn antigen is over-expressed on the membrane of epithelial 
tumors and is associated with many cancers including 


breast, lung, colon, prostate, and pancreatic cancers (16,17). 
Both linear and dendrimeric multiple antigenic glycopeptide 
(MAG} constructs successfully induced high titers of anti- 
Tn antibodies (IgM and IgG) that recognized tumor cell lines 
(18-ao}. When administered with alum, in either therapeu- 
tic or prophylactic protocol, these conjugates increased the 
survival of tumor-bearing mice (18,19). Among the advan- 
tages of these synthetic vaccines are their capacity to focus 
the immune response against the antigen of interest and 
their expected safety because of their well-defined chemical 
structure. However, the constructs we synthesized so far 
were designed for mouse immunization and therefore con- 
tain CD 4* T-oell epitopes restricted to murine major histo- 
compatibility complex (MHC) molecules. 

To stimulate effective T-helper cell responses in h uman , 
Sette and co-workers engineered the Pan-HLA-DR-b i n di n g- 
epitope (PADRE} which is a synthetic non-natural T helper 
epitope selected for its capacity to bind to a wide range of 
HLA class IT molecules (21). Linear peptides linked to 
PADRE were found to be potent immunogens in vivo 
(22-25}. Furthermore, immunization with PADRE con- 
structs encompassing B-cell epitope from the circumspor- 
ozoite protein of Plasmodium yoelii protected mice against 
P. yoelii sporozoite challenge {24}. PADRE glycoconjugates 
also induced hi gh titers of antibodies specific for oligosac- 
charide molecules (the Lacto -N-fucopentaose II model and a 
dodecasaccharide from Salmonella typhimurinm ) (26). 

In the present study, to further extend the scope of 
anticancer immunotherapy for human use, we designed a 
synthetic glycopeptide vaccine associating a cluster of the 
Tn carbohydrate tumor marker and the PADRE 'univer- 
sal' T-helper epitope peptide. Although, this strategy does 
not provide cell immunity against TAA, it has the 
advantage to allow an effective population coverage. A 
cytotoxic T lymphocyte {CTL} epitope peptide derived 
from the tumor-associated carcinoembryonic antigen 
(CEA) (27} has also been introduced in order to improve 
the therapeutic efficacy of the vaccine through the 
induction of a cytoxic immune response. The immuno- 
genicity of the resulting glycoconjugate vaccine was 
investigated in ontbred mice as well as in HLA-DR- 
expressing transgenic mice. We found that (ij this totally 
synthetic glycopeptide construct induce carbohydrate- 
specific antibodies in both outbred and HLA-DR trans- 
genic mice, (zi) the induced antibodies react in vitro with 
the native carbohydrate antigens expressed on the surface 
of human tumor cells, (irij the PADRE provides efficient 
T-cell help for carbohydrate-specific antibody response in 
both types of mice. 
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Experimental Procedures 

Synthesis of peptides and gly co peptides 

The synthesis of the peptides and glycopeptides was per- 
formed as previously described by solid-phase peptide 
methodology using Fmoc chemistry (20). Briefly, the pro- 
tected amino acids were incorporated manually into the 
peptide sequence using 2-(iH-benzotriazole-i-yl)-i,i,3,3- 
tetramethylnronium tetrafluoroborate (TBTTJ)/ 1 -hydroxy- 
benzotnazole (HOBTj/diisoprapylethylamine (DEEA) as the 
coupling reagent. Fmoc protection was removed with 20% 
piperidine in dim ethylf ormamide (DMF). The glycosylated 
building blocks [Fmoc-Ser(oc-GalNAc)-OH] were incorpor- 
ated successively on the two branches of the lysine as their 
pentafluorophenyl (Pfp) esters in the presence of HOBT. The 
products were cleaved from the resin with aqueous tri- 
fluoroacetic acid (TFA), triisopropylsilane, H» 0 , and phenol. 

The peptides and glycopeptides were purified by reverse 
phase high-performance liquid chromatography (RP- 
HPLC) using a Perkin-Elmer (Courtaboeuf, France) pump 
system with a UV detector at 230 run; the column was a 
Waters Delta Pak Cx8 (is H, 300 A, 7.8 x 300 mm) and 
the gradient was performed with water {0.1% TFA)/ 
acetonitrile over 20 min. The compounds were obtained 
with a purity from 85 to 99% as estimated by RP-HPLC 
using the Waters Delta Pak column or a Waters Sym- 
metry column (C18, s |i, 300 A, 3.9 x150 mm). They 
were characterized by amino acid analysis and mass 
spectrometry. Mass spectra were recorded by electrospray 
in the positive mode on a Quattro-LCZ mass spectro- 
meter (Micromass, Manchester, UK); the sample was 
dissolved at 10 mM concentration in water/acetonitrile 
(1/1} with 0.1% formic acid. 

Tne-PAD 

HPLC: gradient from 15 to 50%; retention time: 10.7 min. 

Electrospray mass spectroscopy (ESMS): 4353.06 [calcd 
4354.64); amino acid analysis: Ala 7 (7), Asn 2.29 (2), Gly 
2.82 (3), Len 4.72 (4), Lys 2.74 (3), Ser 5.63 (7), Thr 0.89 (1), 
Tyr 1.21 (1), Val 0.86 (1). 

PAD 

HPLC: gradient from o to 40%; retention time: 19.0 min. 
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ESMS: 3134.8 (calcd 3135.48), amino acid analysis: Ala 
7 (7), Asn 2.15 (2), Gly 3.01 (3), Leu 4.26 (4), Lys 3.13 (3)/ Ser 
5.94 (7), Thr 1 (1), Tyr 1.13 (1), Val 0.98 (1). 

Ttij-Pep 

HPLC: gradient from 5 to 25%; retention time: 8.1 min. 

ESMS: 1641.98 (calcd 1642.65); amino acid analysis: Gly 
6-75 ( 7 )/ Ly 8 * (*)/ Ser 2.88 {3). 

Trie-Pep 

HPLC: gradient from 5 to 15%; retention time: 10.9 min. 

ESMS: 2755.6 (calcd 2755.82), with a minor amount of 
Tn 7 -Pep (M + 25)0); amino acid analysis: Gly 9 (9), Lys 2.13 
(2), Ser 5.45 (6). 

Mice 

The OFi outbred female mice, 6-8 weeks, were obtained 
from Charles River. Mice carrying DRA and DRBi’oioi 
(DRi) (28) or DRA and DRBi *0401 (DR4W4) (29) transgenes 
were kindly provided by Dr Dennis Zaller (Merck Research 
Laboratories, Rahway, NJ, USA). The transgenes encode 
chimeric human/mouse class H molecules in which the 
peptide-binding alpha 1 and beta 1 domains were derived 
from human DR sequences while the remainder of the 
molecule was derived from murine I-E d sequences. Thus, 
the mice generate DR-restricted T-cell responses upon 
peptide binding to the DR alpha 1 and beta 1 domains while 
the murine alpha 2 and beta 2 domains facilitate interaction 
with murine CD4. Transgenes were introduced into the 
Bio.M/Sn strain because its endogenous class II molecule 
I-A £ does not cross-pair with DR alpha or beta chains. Mice 
were confirmed to be transgene, positive by polymerase 
chain reaction (PCR) analyses of tail DNA. 

Immunization and analysis of antibody responses 

The OFi outbred mice were immunized intraperitoneally 
with either peptides or glycopeptides emulsified in com- 
plete Freund's adjuvant for the first injection and in 
incomplete Freund's adjuvant for boost injections. 
Immunization of HLA-DRi and HLA-DR4 transgenic mice 
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was carried out by intraperitoneal infection of peptides or 
glycopeptides adsorbed to alum. Mouse sera were collected 
10 days after the last boost, and tested for anti-Tn anti- 
bodies by an enzyme-linked immunosorbent assay {ELISA) 
using the synthetic glycppepti.de Tn3-Pep or the non-gly- 
cosylated analogue Pep as a control (20). Briefly, the bio- 
tinylated peptides at 1 pg/mL were incubated for 1 h at 
37 °C on streptavidin coated microtiter plates. Then, serial 
dilutions of sera were performed and bound antibodies were 
revealed using goat antimouse igG or IgM peroxidase con- 
jugate ( Sigma-Aldrich, St Quentin, Prance) and o-phenyldi- 
amine/HjOj substrates as previously described (20). Plates 
were read at 49a nm in an ELISA auto-reader (Dynatech, 
Mames la Coquette, Fiance). The negative control consis- 
ted of naive mouse sera diluted 100-fold. ELISA antibody 
titers were determined by linear regression analysis, plot- 
ting dilution vs. absorbance at 49a nm. The titers were 
calculated to be the Logio highest dilution, which gave 
twice the absorbance of normal mouse sera diluted 1/100. 
Titers were given for individual sera or as the arithmetic 
mean ± SD of the Logio titers. Sera were also tested at 
serial dilutions by flow cytometry on a tumor cell line 
expressing the Tn antigen, the human Jurkat cell {30). Cells 
were first incubated for 30 min with serial dilutions of sera 
at 4 °C in phosphate-buffered saline (PBS) containing 5 % 
foetal calf serum (FCS) and 0.0$% sodium azide. Then, cells 
were incubated 30 min with antimouse IgG conjugated to 
fluorescein isothiocyanate (HTC) (Caltag, Burlingame, CA, 
USA). Cells were acquired on a FACScan® flow cytometer 
(Becton Dickinson, Mountain View, CA, USA) and analysis 
performed with the CellQuest software (Becton Dickinson). 

Results and Discussion 

Design and synthesis of the glyco peptide construct covalent 
association of a carbohydrate B-cell epitope duster to T-helper 
and CTL epitopes 

We previously showed that linear and dendtimeric glyco- 
peptides bearing the Tn TAA induce a strong anti-Tn anti- 
body response in mice which is associated with a protection 
against tumor challenge (18). To mimi c, the native form of the 
antigen on tumor cells, we increased the Tn density on the 
vaccine construct and we showed that this provides a signi- 
ficant benefit in the induction of Tn-specific antibodies as 
well as in the protection ag ains t cancer (19). Most import- 
antly, when BALB/c mice were immunized with a linear 
glycppeptide bearing a poliovirus (FV{ T-helper cell epitope. 


the antibodies induced by Tn6-PV (with six copies of the Tn 
antigen) were found to recognize human tumor cells better 
than Tn3-PV-induced antibodies (ao). Although linear 
glycopeptides are less efficient than MAG (19}, they are easier 
to synthesize than complex dendtimeric structures. There- 
fore, they represent good models for evaluating the thera- 
peutic potential of various carbohydrate-based vaccines (20). 

In order to obtain an immun ogen capable of inducing 
anti-Tn antibodies in human and to overcome the extreme 
polymorphism of HLA class H molecules of the human 
population, we synthesized the linear glycopeptide 
Tn6-PAD as an anticancer vaccine model for human use 
(Fig. 1). Tnd-PAD is composed of (2) six copies of the car- 
bohydrate Tn antigen (two tri-Tn glycotopes) which mimic 
the clustered occurrence of the antigen in vivo, (ri) the 
PADRE T-helper epitope (AKXVAAWTLKAAA, 
X = cyclohexyalanine), which binds to many murine and 
human MHC class II molecules and (222') a CTL epitope 
(YLSGANLNL) from CEA which binds to the HLA-A0201 
molecule. The CEA is expressed on several cancer types 



Figuie 1. (A) Schematic presentation of the Tnfi-PAD. (B) Reverse phase 
high-performance liquid chromatography (RP-HPLC) elution profile of 
TnS-PAD. Chromatographic conditions: Waters Symmetry C18 
(5 P> 300 A, 3.9 x 150 mm). Flow rate 1 mL/min. Gradient with water 
[0.1% trifluoroacctic acid (TFA)l/acctonitrilc (15-50%) over 10 min. 
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(colorectal, gastric, breast, lung cancers} and the YLS- 
GANLNL peptide has been shown to induce a cytoxic 
imm une response against human adenocarcinoma cells (27}. 

Recently, synthesis and immunological evaluation of a 
glycopeptide bearing T-cell epitopes and a TAA was reported 
{31). The preliminary results showed that this glycopeptide 
seems to be able to induce a cytotoxic T-cell response. 

The peptide and glycopeptides (Figs 1 and a) woe assem- 
bled by the conventional solid-phase peptide methodology 
using Fmoc chemistry. The CEA peptide was introduced in 
the C -terminal end and associated to the PADRE peptide 
using a [ 1 -alanine as a spacer. To synthesize the Tn6-glyeo- 
peptides, a glycine residue was introduced on each of the 
two amin o groups (a and s) of the -terminal lysine residue 
to reduce steric hindrance between the two Tnj motifs. The 
protected amino acids were incorporated into the peptide 
sequence using TBTU/HOBT (32}. The O-glycosylated 
amino acids [Fmoc-Serfot -GalNAc)-OH] were sequentially 
introduced at the N -terminal end as their Pfp ester (three 
cycles) {33), two copies of the same amino acid being added 
per cycle for the Tn6 peptides. These steps were performed 
with the fully deprotected sugar as described previously (15 ). 
Pre liminar y attempts with TBTU/HOBT activation were 
unsuccessful as a result of side reactions (data not shown). 
This strategy avoids a final deprotection of the carbohydrate 
residues which may give rise to secondary products. Fur- 
thermore, when multimeric carbohydrate structures are 
involved, deacetylation may be complex to follow by HPLC 
and some specific site deprotection difficult to achieve (34). 
Few examples of such incorporation of unprotected sugar 
residue have been reported with subsequent coupling of 
non-glycosylated amino acids (35,36). in our case, multiple 
unprotected glycosylated building blocks could be succes- 
sively incorporated as their Pfp esters. 

Glycopeptides with an irrelevant peptide (Tn3-Pep and 
Tn6-Pep) were synthesized to demonstrate the Tn specif- 
icity of the immune response (Fig. a). The PAD and the Pep 
(20) compounds, devoid of Tn antigen, were also prepared as 
controls (Fig. 2). 

During recent years, the synthesis of Tn clusters has been 
reported for subsequent incorporation in protein conjugates 
(37/38). Several groups have also synthesized numerous Tn 
containing glycopeptides including glycophorin, epithelial 
cadherin and, more importantly, mucin fragments 
[reviewed in (39,40)]. To our knowledge, the present study is 
the first report of a synthetic glycopeptide with a covalent 
association of three essential components for a anticancer 
vaccine: a T-helper epitope, a CTL epitope and a highly 
clustered carbohydrate TAA B-cell epitope. 


Tn3-Pcp 

S*S *S*GGGGGGK(Biot)G 

Tn6-Pep 

(S*S*S*G)iKGGGGGGK(Biot)G 

PAD 

(SSSahKAKXVAAWTLKAAAA*YLSGANLNL 

TnS-PAD 

(S»S«S*GhKAKXVAAWTLRAAAA*YLSGANLNL 


Figure 2 . Structure of die different synthetic (glyco)pcptidcs. *: ot-Gal- 
NAc, Biot: biorinci L-amino acids in single-letter code arc designated by 
upper ease letters, A*: p-alaninc, X: cycldhexylalaninc. 


induction of carfaohydratE^specific immune response in mice 
by the synthetic glycopeptide construct 

The PADRE peptide AKXVAAWTLKAAA, incorporated in 
the T116-PAD glycopeptide, has been previously shown to 
bind HLA-DRi, DR4W4, DR4W14, DR5, and DR2W2A as 
well as a number of murine H-2 MHC II molecules (21). We 
first studied the immunogenicity of Tn6-PAD vs. the con- 
trol PAD, in outbred OF 1 mice. Sera from immunized mice 
were tested by ELISA against Tn3-Pep or ag ains t a control 
peptide devoid of Tn (Pep). OFi mice immunized with Tn6- 
PAD, but not with PAD, developed Tn-specific IgG anti- 
bodies (Fig. 3A). The antibodies induced by Tn6-PAD are 
specific for the Tn antigen, as demonstrated in ELISA by the 
recognition of a Tn glycopeptide bearing an irrelevant pep- 
tide (Tn3-Pep) and by the absence of binding to the syn- 
thetic peptide Pep lacking Tn (Fig. 3A). To clearly assess the 
capacity of the Tn6-PAD glycopeptide to induce anti-Tn 
antibodies in an HLA restricted manner, we next investi- 
gated the immunogenicity of T116-PAD in mice transgenic 
for human class II molecules, HLA-DRi and HLA-DR4. The 
Tn6-PAD was found to elicit anti-Tn antibodies (IgM and 
IgG) in both transgenic mouse strains (Fig. 3B,C). The Tn 
specificity of the antibodies was assessed by the recognition 
of glycopeptides with the irrelevant peptide Pep (Tn3-Pep 
and Tn6-Pep). PAD-specific T CD4 + responses were also 
detected from immunized animals following proliferative 
response of peripheral blood T Lymphocytes, confirming 
that file C-terminal addition of the CEA CTL epitope in 
Tn6-PAD did not affect the T-helper activity of the PADRE 
epitope (data not shown). 

The cytotoxic immune response directed to the CEA 
epitope is currently under investigation. 

Biological relevance of the arrti carbohydrate antibody response 

To ensure that the Tn-specific antibodies induced by Tn6- 
PAD can recognize the native Tn antigen, we analyzed the 
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b DR1-Tg mice 

1 CZZ1 PAD 



IgG* I gM 



bi n d in g of the mouse serum antibodies to human Jurkat 
T-lymphoma cells that express the Tn antigen (3 of. As 
shown in Fig. 4, a positive binding of antibodies from mice 
vaccinated with T116-PAD glycopeptide was detected 
whereas no binding was observed when sera from mice 
i mm unized with the PAD control peptide were used. 


Figure 3 . Immunogen! city of Tn 6-PAD. Mice were immunized intra* 
pcritoneally, cm days o, 21 and 42, with too pg of Tnfi-PAD glycopcp- 
tidc or control PAD peptide in Freund's adjuvant |OFi mice) or in alum 
(HLA-DR transgenic mice). The sera were collected 10 days after the 
last boost, and tested for anti-Tn antibodies by enzyme-linked immu- 
nosorbent assay (ELISA) using Tnj-Pcp. (A| Experiments were per- 
formed in OFi mice (A) or in HLA-DRa (B| or -DR4 (C). In A, titers 
obtained with Pep control for coating show the specificity of the assay. 
fgG |A-C| and IgM (B-Cf antibodies in the sera were tested. Results arc 
expressed as individual antibody titers for nine mice (A) or as the 
mean * SD of antibody titers of four mice per group (B and C). 


The feasibility of using synthetic glycopeptides as vac- 
cines has already been demonstrated. Indeed, several groups 
have reported efficient anticarbohydrate immune responses 
after i mm u niza tion in animal models (41^43). Although 
many synthetic glycopeptides have been described for 
immunization purposes, only one group has reported the 
synthesis of glycopeptides con taining an universal T-helper 
cell epitope so far. Indeed, carbohydrate-PADRE conjugates 
have been shown to raise high titers of IgG antibodies spe- 
cific for lacto-AT-fucopentaose II and for a dodecasacchari.de 
derived from S. typhimurzoxn [16). However, the imxnuno- 
genicity of this synthetic compound was evaluated only in 
conventional CS7BL/6 mice and the efficacy of the vaccine 
construct was not evaluated in a HLA restricted system. 

In summary, PADRE -based glycoconjugates can address 
the limitations of the genetic restriction in humans by 




Mouse IgG FITC 


Figure 4. Native Tn recognition on tumor cells by Tn-PAD induced IgG 
antibodies. Sera (diluted 50 folds) from PAD (A) and Tn6-PAD 
(B) immunized mice wore tested individually for the recognition of 
naive Tn on jurkat cells by flow cytometry [revealed with antimousc 
IgG FITC antibodies, staining by secondary reagents alone (gray histo- 
grams) and by sera (thin line)]. Results arc shown for sera collected in 
HLA-DR4 Tg mice. Similar results were obtained with sera from HLA- 
DRi Tg mice (not shownl. 
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providing an effective T-cell help for carbohydrate-specific 
immune response based on an universal T-helper cell epi- 
tope, Such synthetic immun ogens are particularly attract- 
ive for both their purity and accurate chemical definition 
which are essential features for safe clinical vaccines. Pre- 
vious results showed that, although simple monovalent 
glycopep tides are efficient immunogens, the dendrimeric 
MAG system can induce an even stronger immune 
response (19). Moreover, using immunogenic peptides, 
multivalent constructs bearing 'universal' T-cell epitopes' 


have already been shown to be potent immunogens (44,45). 
The use of carbohydrate-PADRE glycoconjugates may thus 
be extended to the MAG system in order to further improve 
its immunogenicity and to provide an efficient approach for 
the development of anticancer vaccines with a broad 
human population coverage. 
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Abstract — As part of our program on Ta-specific anti-tumor immunotherapy, our aim was to vary the nature of the aglyconic part 
of the tumor-associated Tn antigen (a-D-GalNAc-Ser/Thr). This report describes the synthesis of Fmoo-hSer-(a'-D-GalNAc)-OH (4) 
in 19% overall yield from protected aspartic acid. The building block 4 was incorporated as trimeric clusters into a glycopeptide 
vaccine [MAG:Tn(hSer)3-PV], using solid-phase peptide synthesis. When injected in mice, the resulting MAG induces a strong 
antibody response, which recognizes native tumor-associated antigens (TAA) at the surface of human tumor cells. This approach 
may be extended to the use of other nonnaturai TAA in order to improve half-life of synthetic anti-cancer vaccines. 

© 2004 Elsevier Ltd. All rights reserved. 


Over the last years, numerous carbohydrate tumor- 
associated antigens (TAA) have been, identified and used 
as potential targets for anti-cancer therapy; Tn, T, sialyl- 
Tn, Lewis antigens, and glyco lipid-derived antigens 
(KH-1, globo H, GM2, ...).' To generate an efficient 
immune response, these TAA are usually linked to an 
immunogenic carrier protein. 

To overcome the drawbacks associated with the protein 
conjugates (uncertainty in both composition and struc- 
ture, low hapten density, irrelevant antibody produc- 


Abbreviationx AAA amino acid analysis; biot, bio tine; DMF, di- 
methylformamide; ELISA enzyme-finked immnnosoibent assay; ESMS, 
electrospray mass spectrometry; FACS, fluorescent activated cell sor- 
ter; hSer, homoserine; MAP, multiple antigenic peptide; MAG, mul- 
tiple antigenic glycopeptide; PV, poliovirus; RP-HPLC, reverse-phase 
high-performance liquid chromatography; Ser, serine; SPPS, solid- 
phase peptide synthesis; TAA tumor-associated antigen. 

Keywords: MAG: multiple antigenic glycopeptide; Tn antigen; Homo- 
serine; hnmunogemrity; Antibodies. 
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tion), we designed an efficient synthetic immun ogen, the 
multiple antigen glycopeptide (MAG). 2 4 We prepared 
MAG vaccines displaying the Tn antigen (ot-D-GalNAc- 
Ser/Thr) as the carbohydrate TAA. This antigen is over- 
expressed on epithelial tumors and is associated with 
many cancers including breast, prostate, lung, and 
pancreatic cancers. 5,6 To mimic the clustered motif 
encountered in vivo, we chose a tri-Tn mucin-like gly- 
cotope recognized by the tumor specific MLS-128 
monoclonal antibody: 7 Ser(a-D-GalNAc)-Thr(ct-D-Gal- 
NAc)-Thr(ot-D -GalN Ac). The resulting MAG vaccine 
MAG:Tn3-PV, based on a dendrimeric lysine core car- 
rying four copies of a CD4 + T-cell peptide epitope to- 
gether with the tri-Tn glycotope, is highly immunogenic 
in mice and afforded good protection in prophylactic 
and therapeutic vaccinations against the development of 
Tn-expressing tumor cells. 4 The anti-Tn antibody re- 
sponse is abolished when mice were depleted of CD4 T 
cells in vivo, showing the absolute requirement of the PV 
specific CD4 T-cell response. 4 

Preliminary results of our laboratory show that the 
amino-acid carrying the Tn antigen (Ser or Thr residues) 
contributes to the antibody recognition. Indeed, by 
varying the tri-Tn glycotope structure in the MAG, we 
obtained different monoclonal antibodies specific for the 
Ser(a-D-GalNAc)-Ser(Qt-D-GalNAc)-Ser(a-D-GalNAc) 
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sequence or the Ser(a-n-GaINAc)-Thr(ae-D-GalNAc)- 
Thr(a-i> -GalNAc) sequence (R. Lo Man and coll., 
unpublished results). 

Approaches involving Tn antigen analogues have only 
been reported by a few laboratories: a neoglycopeptide 
with an analogue bearing a C-glycosyl linkage 8 and a 
protein glycoconjugate bearing a longer 0-aliphatic 
aglycone. 9 In both cases the Tn analogue was incorpo- 
rated as a monomer. Interestingly, the later vaccine 
construct was more antigenic than the natural Tn-based 
conjugate. 10 

In order to vary the nature of the aglyconic part of the 
Tn structure, we used the homo-serine (hSer) as the 
amino- acid carrier for the GalNAc residue. hSer allows 
to increase the distance of the carbohydrate residues 
from the peptide chain by one carbon atom as compared 
to its serine analog. This nonnatural amino-acid has 
already been included in a linear glycopeptide bearing a 
single tumor-associated disaccharide, 11 but, to our 
knowledge, the immunogenidty of this construct was 
not analyzed. 

In the present paper, we prepared a new MAG bearing 
several a - d -G alNAc residues displayed as trimeric 
clusters on a hSer-hSer-hSer motif [MAG:Tn(hSer)3- 
PV] and we show that the injection of this neoglyco- 
peptide in mice raises antibodies, which are able to 
recognize native TAA at the surface of h uman tumor 
cells. 

Preparation of glycosylated building block Fmac-hSer- 
( a-D-GalNac)~OH 4 ( Scheme 1 ): For the synthesis of 
A'-cr-Fmoc-i.-homoserine-a-f-butyl ester (Fmoc-hSer- 
OtBu I), commercially available N-a-Fmoc-L -aspartic 
acid-a-f-butyl ester was reduced to the corresponding 
alcohoL 12 This method avoids the formation of the 
Fmoc-y-lactone occurring during the Fmoc-protection 
of hSer 1 1 and allows to obtain in a single step the Fmoc- 
hSer-OfBu 1 (65%) appropriately protected for the gly- 
cosyladon reaction. 

The 3,4,6-tri-0-acetyl-2-azido-2-deoxy-p-D-galactopyr- 
anosyl chloride 13 was prepared in three steps starting 
from the tri- 0-acetyl-D -galactal. 14 It was then added to 


the Fmoc-hSer-OfBu 1 for the Koenigs— Knorr conden- 
sation. 15 Although trimethylsilyl trifluoromethane sul- 
fonate (AgOTf) 16 was found to be the best catalyst for 
the condensation of serine derivatives, in our hands, the 
catalysts silver carbonate (Ag^COjj/silver perchlorate 
(AgClOa) 17 afforded the a-anomer in a better yield. 
Separation of the two anomers by flash chromatography 
was achieved after reduction and acetylation of the 
azido group (overall yield 88% based on 1, a/P: 76/24). 

The final deprotection of the f-butyl ester and the 

0- acetyl groups of 3 17 afforded the glycosylated hSer 
building block 4 appropriately protected for the peptide 
synthesis with 19% overall yield. 18 

Solid-phase synthesis of MAG:Tn(hSer)3-PV (Fig. 1): 
MAG:Tn(hSer)3-PV was assembled by the conventional 
solid-phase peptide methodology (Wang resin) using 
Fmoc chemistry as described previously. 2 ' 4 The pro- 
tected amino acids were incorporated manually into the 
peptide sequence using 2-(Lff-benzotriazole-l-yl)- 
1,1,3,3-tetramethyiuronium tetrafluoroborate (TBTU)/ 

1- hydroxybenzotriazole (HOBT)/diisopropylethylamine 
(DIEA) as the coupling reagent. 19,20 Fmoc protection 
was removed with 20% piperidine in DMF. 

Three glycosylated building blocks [Fmoc-hSer(a-r>- 
GaINAc)-OH 4] were incorporated successively as their 
pentafluorophenyl (Pfp) esters in the presence of 
HOBT. 21 The Pfp esters were prepared by addition of 



Figure 1. Schematic representation of MAG:Tn(hSer)3-PV. 
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Scheme 1. Preparation of glycosylated homoserine (Fmoc-hSer-(a-D-GalNac)-OH). Reagents, conditions, and yields: (i) EtOCOCl, Et 3 N, THF, 1 h, 
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ABSTRACT 

We recently developed an efficient strategy based on a fully synthetic 
dendrimerlc carbohydrate display (multiple antigenic glyco peptide; 
MAG) to Induce anticarbohydrate antibody responses for therapeutic 
vaccination against cancer. Here, we show the superior efficacy of the 
MAG strategy over the traditional keyhole limpet hemocyanin giycocon- 
J agate to elicit an anticarbohydrate IgG response against the tumor- 
associated Tn antigen. We highlight the influence of the agtycenlc carrier 
elements of such a tumor antigen for their recognition by the immune 
system. Finally, we additionally developed the MAG system by introduc- 
ing promiscuous HLA-restrlcted T-hetpcr epitopes and performed its 
Immunological evaluation in nonhuman primates. MAGtTn vaccines in- 
duced in ail of the animals strong tumor-specific anti-Tn antibodies that 
can mediate antibody-dependent celt cytotoxicity against human tumor. 
Therefore, the precHnical evaluation of the MAGtTn vaectne demon- 
strates that it represents a safe and highly premising immunotherapeutic 
molecnlarly defined tool for targeting breast, colon, and prostate cancers 
that express the carbohydrate Tn antigen. 

INTRODUCTION 

Cancerous transformation is very often associated with a dysregulation 
of the giycosyiation processes leading to altered carbohydrate patterns at 
die surface of cancer cells (1). This results in the expression of various 
carbohydrate antigens such as blood group-related Tn, T, sialyi-Tn, 
sialyl-T antigens (family of T antigens) associated with carcinomas (2) or 
glycolipidic GM2, GD2, and GD3 associated with, melanomas (3). Some 
of these tumor-associated carbohydrate antigens, involved in metastatic 
processes and associated with a poor prognosis, represent an excellent 
target for immune intervention after tumor resection and chemotherapy 
treatments to avoid cancer recurrence (4). 

In a large variety of epithelial cancers such as breast, ovarian, colo- 
rectal, pancreatic, or prostate cancers, highly O-glycosylated mucins are 
strongly affected in their carbohydrate patterns displaying nonglycosy- 
lated as well as abortive glycosylated products such as Tn, T, sialyl-Tn, 
and sialyl-T antigens (2, 5-8). Naked peptides derived from variable 
number tandem repeat of MUC 1 sequences have been used for the design 
of immunotherapeutic vaccine to elicit cellular and humoral antitumoral 
immu ne responses (9-11). However, some MUC1 peptide sequences 
showed T-cell immunosuppressive activity (12). Moreover, anti-MUC 1 
natural antibodies found in cancer patients with a favorable prognosis 
preferentially recognize glycosylated forms of MUC1 peptides (13). 
Therefore, the family of T antigens represents a suitable candidate for 
immune intervention. Moreover, these truncated giycosyiation products 
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are expressed in fetal life and r emain mainly cryptic in normal adult 
tissues, thus limiting risks of autoimmunity. 

Up to now, to elicit B-cetl responses specific for these carbohydrate 
tumor antigens, they have been chemically linke d to a carrier protein, 
such as keyhole limpet hemocyanin (KLH), to provide T-cell help 
required for antibody production. Several gangfiosides-KLH glyco- 
conjugates have reached Phase H/T n clinical trials (14). For the family 
of T antigens, the administration of sialyl-Tn-KLH glycoconjugate in 
DETOX adjuvant was correlated with an increased survival in patients 
with metastatic breast cancers (15). In contrast to the large ganglioside 
structures, short haptenic Tn, T, sialyl-Tn molecules require to be 
associated as cluster of at least two to three units to mimic native 
forms found on mucins (16—18), whereas a single unit does so poorly 
(19). This requirement for repetitive carbohydrate units reflects the 
composition of the mucin substrate, highly enriched in consecutive 
serine or threonine residues, but also the O-glycosylation process 
occurring in cancer cells. For instance, the N-acetylgalactosaminyl- 
transferase T3, responsible for tire giycosyiation of consecutive thre- 
onine residues, is overexpressed in adenocarcinomas leading to the 
expression of Tn clusters (20). Therefore, the strategy of carbohydrate 
clustering has greatly improved the immunogenicity of these short 
haptenic molecules allowing the recognition of native carbohydrate 
structures on tumor cells (21—23). 

On protein glycocanjugates, the carbohydrate density that can be 
achieved is highly variable. Advances in the design of appropriate 
linkers and in conjugation procedures have improved the efficiency of 
chemical coupling to obtain elevated cabohydraie: carrier protein ratio 
(24). However, the use of a limited number of carrier proteins to 
conjugate carbohydrate antigens may limit the efficacy of these gly- 
cocanjugates. Indeed, the immune response to the carrier is much 
more superior to the one directed against the carbohydrate antigens, 
and tins may lead to carrier-induced epitopic suppression (25, 26). In 
addition, an accurate molecular definition of glycoconjugates in terms 
of composition and structure can only be achieved by the fall chem- 
ical synthesis of immunogens. 

Following an entirely chemical synthesis process, we developed 
dendrimeric MAG as an alternative strategy to glycoprotein conju- 
gates. MAG is based on the linking of a high density of carbohydrates 
to a nottimmunogemc lysine core to focus the immune response to the 
haptenic moiety (27, 28). We applied the MAG strategy to the Tri 
antigen (os-GalNAc-Ser/Thr) with a trimeric form, which was associ- 
ated with a T-helper peptide to allow the induction of a T cell- 
dependent IgG antibody response against the Tn tumor antigen When 
administered with alum, in either therapeutic or prophylactic proto- 
cols, these MAG conjugates increased up to 80% the survival of 
tumor-bearing mice (23, 28). In previous attempts, folly synthetic 
lipogtycopeptides with a dimeric Tn associated with a palmitoyl core 
induced IgM but failed to elicit IgG antibodies required for antibody- 
dependent cellular cytotoxicity (ADCC) against cancer cells (29). The 
same strategy developed with the carcinoma-associated Lewis* anti- 
gen also resulted in the sole IgM antibody production (30). In many 
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cases, KLH glyco conjugates also induced IgM antibodies but no or 
moderate IgG in mice and humans (4). This major issue can be 
partially overcome by using a strong adjuvant such as QS21. In 
contrast, the multiple antigenic glycopeptide (MAG) showed its im- 
munological potency and therapeutic effects in mice using die harm- 
less and commonly used vaccine adjuvant, aluminum hydroxide. 

In the present study, to optimize the development of MAG:Tn 
immunogens, we first investigated the influence of the amino acid 
carrying the GalNAc to design the most appropriate antigenic and 
immunogenic Tn cluster. The efficacy of die MAG strategy was then 
tested by comparing the MAG:Tn with its KLH-Tn counterpart in 
inducing anii-Tn IgG antibodies in mice. Finally, to apply the 
MAG:Tn for human vaccination we designed two MAG:Tn com- 
pounds in which “universal” CD4 + T-oell epitopes known to stimu- 
late effective T-helper cell responses in human populations with many 
HLA diversity were introduced. These MAG were tested in n on h um an 
primates (macaques and green monkeys) and found to induce strong 
anti-Tn IgG antibodies capable of specifically recognizing Tn- 
expressing human tumor cells. Moreover, these antibodies were able 
to mediate ADCC against Tn-positive human tumor cells. 

MATERIALS AND METHODS 

Chemical Synthes ej of Linear and Dendrimerfc Glycopeptides. The 
MUC glycopeptldes (SLSYTNPAV and AJLGSTTPPA series) were synthe- 
sized on an Applied Biosystems Pioneer peptide synthesizer using continuous- 
flow Pmoc chemistry and 2 -( 1 H-9-azabenzo triazole- 1 -yl)- 1 , 1 3 3-tetramethy 1- 
uronium hexafluorophosphste/diisopropylethylamine as the coupling reagents. 
The protected glycosylated building blocks [Fmoc-Serfot-GalNAcfOAcljl-OH 
or Fmoc-Thrfor-GalN Ac(0 Ac) j)>-OH] were incorporated manually using 
2-(lH-benzotriazole-l-yl)-1.133-tetramethyluromum tetrafluoroborate/l-hy- 
droxybeozotriazole activation. The synthesis of the other peptides and glyco- 
peptides was performed as described previously by solid-chemistry (23, 31, 
32). Briefly, the protected amino adds were incorporated manually into the 
peptide sequence using 2-( IH-benzotriazole-I-yl)- 1,13,3-tetramethyluronium 
tetrafluoroborate/ 1 -hy droxybenzotriazole/dtisopropylethylamine as the cou- 
pling reagents. Fmoc protection was removed with 20% piperidine in dimeth- 
ylformamide. The glycosylated building blocks [Fmoc-Serfa-GalNAcl-OH, 
Fmoc-Thr(ot-GalNAc)-OH. or Fmoo-hSer<«-GalNAc)-OH (32)3 were incor- 
porated as their crude pentafluorophenyl esters in the presenoe of 1-hydroxy- 
benzotriazole. The products were cleaved from the resin with aqueous triflu- 
oroacetic acid, triisopropylsilane, HjO, and phenoL When necessary, 
deacetylation of the sugar residue was achieved with a catalytic amount of 
sodium methoxide in methanol at pH 11. Peptides and glycopeptides were 
purified by reverse-phase high-performance liquid chromatography using a 
Perkin -Elmer pump system with a UV detector at 230 nm. The column was a 
Waters Delta Pak C18 (15 p, 300A, 7.8 X 300 mm), and the gradient was 
performed with water (0.1% trifluoroacetic acidyacetomtrile over 20 min. The 
compounds were characterized by amino acid analysis and mass spectrometry. 
Mass spectra were recorded by electrospray (electro spray mass spectrometry) 
in the positive mode on a Quattro-LCZ or LCT of mass spectrometer (Micro- 
mass, Manchester, United Kingdom). The sample was dissolved at 10 mM 
concentration in watenacetonitrtie (1:1) with 0.1% formic acid. Amino acids 
and electrospray mass spectrometry mass analyses were conformed to ex- 
pected products. 

Immunization of Mice. BAJLB/c mice (CER Janvier, Le Genest St lie, 
France) were l.p. immunized with 1 or 10 pg of MAG:Tn3-PV, MAG:Tn(S)3- 
PV, MAG:Tn(hS)3-PV, or KLH-Tn(o) together with alum (Serva, Heidelberg, 
Germany) or QS21. KLH-Tn(c) and QS21 were from previous studies (4, 21). 
For comparative studies between MAG and KLH conjugates, mice received 
0.34 jag and 1 pg of Ta cluster, respectively, per immunization. Immunos- 
timulatory oligonucleotides containing unmethylated CpG motifs were syn- 
thesized by Proligo (Paris, France). CpG 1826 was used in mice. CpG 2006, 
active on human peripheral blood mononuclear cell, was used for primate 
immunization. The anti-CD40 mAb (FGK.45) was prepared from ascitic fluids. 

Immunization of Primates. The 9 African Green Monkeys, Chtorecebus 
sabaeus, used in this study were all s imian immunodeficiency virus and simian 


T-lymphotropic vine negatives. Both male and female juveniles (under 3 years 
of age) and subadults (over 3—4 years) were included. Animals lived in 
Senegal (West Africa) and were caught from the wild using nets and baits. 
After a minimal period of 60 days of adaptation to captivity that included 
observation and veterinary carefulness, animals entered immunization exper- 
iments. Animal care operations were in compliance with the regulations 
detailed under the Guide for the Cere and U se of Laboratory Animals. 
Immunizations were performed s.c. on the back region of monkeys (injections 
of 0.2 ml/animal/immunization) after an anesthesia with ketamine. Animals 
received three to four rejections of 500 pg of MAG:Tn3-TT or control 
MAP.-TT in the presence of 1 mg of aluminum hydroxide with or without 100 
fig of ODN 2006. Animals were bled before and after eaoh immunization 
(5-10 ml of blood/animal). On the day of withdrawals, monkeys were exam- 
ined and weighed. 

The 8 adults. Macaco mulatto, were imported from China and were housed 
at the animal house of Rennemoulin (France) in single cages in accordance 
with the European Community guidelines for animal care. Macaques were 
injected previously with uouinfectious antigenic formulations containing sim- 
ian immunodeficiency virus Tat and Nef proteins (# 250, 254, 327, and 340) 
or simian immunodeficiency virus nef only (#279, 328, 332 and 338) and were 
divided in two groups, respectively. In each group, 1 animal received adjuvant 
alone (alum plus ODN 2006) and 3 others received adjuvant (alum plus ODN 
2006) together with 500 pg of MAG:Tn3-TT or MAG:Tn(S)3-PADRE. Im- 
munizations were performed ijn. (4 injections of 0.5 ml/animal/immunization) 
after an anesthesia. Animals were bled before ami at the time of immunization 
(10 ml of blood/animal). Blood samples were used to analyze sera for anti-Tn 
antibodies and proliferative response of peripheral blood lymphocyte to TT 
and PADRE peptides containing T-cell epitopes. 

No adverse reaction or local inflammation was noted at the sites of injection, 
nnft the weight of tire ffnimals did not vary by >10% during the study. By the 
end of the immunization procedure, all of tire animals were healthy and 
increased in weight 

Antibody Detection by ELISA and by Fluorescence-Activated Cell 
Sorting. Sera were tested as described previously (28) for anti-Tn antibodies 
by ELISA using biotinylated synthetic To cluster glycopeptides (see Table 1 ) 
coaled on streptavidin plates. aOSM (kindly provided by Dr. Eduardo Osinaga, 
Facultad de Medicina, Montevideo, Uruguay) and KLH were directly coated 
on plates. Goat antimouse IgG or goat antihuman IgG peroxidase conjugate 
(Sigma, St Louis, MO) was used. Sera from mice and primates were tested by 
flow cytometry on To-expressing human tumor cell lines, Jurkat and MCF-7, 
and on Tit-negative tumor cells, T2 and MDA231. Binding of antibodies to the 
cells was revealed with goat antimouse IgG antibody conjugated to F1TC or goat 
antihuman IgG antibody coqjugated to phycoerythrin and parafbrmaldehyde- 
fixed cells were analyzed on a fluorescence-activated cell sorter. Statistical 
analysis was performed by a permutation test using the StaiXact software 
(Cytel Software Corporation, Cambridge, MA). 

Competition Assay with Glycosylated MUC1 Peptides. Sera from green 
monkeys were tested for recognition of MUC.1 peptide sequence in liquid 
phase 'i«ng a competition assay. For this purpose, Tn3-G6KG-biot was plated 
on streptavidin -coaled plates and then incubated for 15 min with sera together 
with serial concentration of nonb iotinylated Tn3-G6KG or MUCI glycopep- 
tides (c omp etitors). After washing, IgG bound Co Tn3-G6KG-biot/streptavidin 
plates was detected as described above. After this procedure, the concentration 
of nonhiotinylated Tn3-G6KG and MUCI glycopeptides giving ICso of the 
signal obtained with tire serum alone were determined. For each experiment, 
ICjo for all of the MUCI glycopeptides were normalized with the 1C 50 
obtained with the nonhiotinylated Tn3-G6KG in the same experiment. Results 
are expressed as ICjo (MUCI glyoopeptide)/lCjo (nonhiotinylated Tn3-G6KG) 
for each serum and as a mean of value obtained in two to three experiments. 

ADCC Assay. Sera from primates were tested by a 3, Cr release assay for 
their capacity to mediate ADCC of tumor cells performed by a human natural 
killer (NK) cell clone (kindly given by Dr. Fathia Mami-Choualb, IGR, 
Villejuif, France) as effector cell. For the cytotoxic assay, tumor-target cells 
were labeled with 5 *Cr, then incobated with serum for 20 min. at 4 0 C, washed 
twice, and plated at 10* cells/well. NK cell clone cells were added for 4 h at 
various E:T ratios. The percentage of specific lysis was calculated as 
100 X (experimental release — spontaneous release)/(maximal release — spon- 
taneous release). 
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Table 1 List of cntnpaimds used fn this study 


Compound'’'*''’ 

Peptidic backbone 



Glycosidic moiety 




Smicture 

Sequence 6 

Tn amictuie 

Tn copies 

Use 

Host 

Reference 

MAG:Tn3 

Dendrimer 

- 

S*T*T- 

12 

Vase. 

Mouse 

This study 


MAO:Ta3-PV 

Dendrimer 

PV 

S-T-T* 

12 

Vacc 

Mouse 

(1) 


MAG;Tn(S)3-PV 

Dendrimer 

PV 

s-s-s- 

12 

Vacc. 

Mouse 

This study 


MAG;TaO>S)3-PV 

Dendrimer 

PV 

hS-hS-hS- 

12 

Vacc. 

Mouse 

(2) 


MAP-TT 

Dendrimer 

TT 

- 

0 

Vacc. 

Primate 

This study 


MAG:Tn3-TT 

Dendrimer 

TT 

S-T-T* 

12 

Vacc. 

Primate 

This study 


MAG:Tn(S)3-PADRE 

Dendrimer 

PADRE 

S-S-S- 

12 

Vacc. 

Primate 

This study 


KLH-Tn(c) 

Lmeariptotein 

KLH 

cluster 

951 

Vacc. 

Mouse 

(3) 


Tn3-G6Kfbiot)G 

Linear 

Poiy-gty 

S-T-T- 

3 

ELISA 

- 

(4) 


Tn(S)3-G6K(biot)G 

Linear 

Poly-sly 

S-S-S* 

3 

ELISA 

- 

(5) 


TnmS)3-G6K(biot>G 

Linear 

Poly-gty 

hS-hS*hS* 

3 

ELISA 


- This study 


Tn(T)3-G6K(blot)G 

Linear 

Poly-gly 

T*T*T* 

3 

El .ISA 


This study 


SLS-YT-NPAV 

Linear 

MUC1 

S* and T* 

2 

ELEA 


This studv 


ALGS-TT-PPA 

Linear 

MUCl 

S- and T- 

2 

ELISA 


This study 


ALGS-T-TPPA 

Linear 

MUCl 

S*T* 

2 

ELBA 


This study 


ALGS-T-T-PPA 

Linear 

MUCl 

S-T-T- 

3 

ELBA 


This study 


S-T-APPAHGV 

Linear 

MUCl 

S-T* 

1 

ELBA 


This study 



° MAP and MAO refer to dondrnncric compounds based on the (Lys^-Lys-p-Ala core; Tn3-C6EC(biot)G, Tn{S)3-G6K.(biot)C, Tn(T)3-G6K(biot)G, and Tn(hS)3-G6K(biot)G were 
abbreviated for simplicity as Tn3, Tn(S)3, Ta(T>3, and TnfhS)3, respectively. 

* T -helper peptide sequences; PV = KLFAVWXITYKJDT is restricted by H-2* 1 ; TT = QYIKANSKF1GITEL is restricted by HLA-DRl, DR3, DR5, DR7. and DRwS2; 
PADRE *» AKXVAAWTLKAAA (X “ cyclohex yialan me) is restricted by HLA-DRl, DR4w4, DR4wl4, DR5, and DR2w2a. 
c *, «-DGaINAc; biot, biotine; hS, homo serine. 


RESULTS 

Influence of the Aglyconic Backbone on the Tn Glycotope 
Recognition. Haptenic Tn, T, and siaiyl-Tn molecules require to 
be associated as clusters of at least two to three units to mimic 
native forms found on mucins (16—18). However, thus far the 
influence of amino acids (Ser or Thr) carrying the a-D-GalNAc 
within the cluster has never been considered. Therefore, we first 
investigated the role of the Tn aglyconic backbone for antibody 
recognition. We immunized mice with three different MAG, MAG: 
Tn3-PV, MAG :Tn(S)3 -PV, and MAG:Tn(hS)3-PV (Table 1), and 
we analyzed immu ne sera for the recognition of their homologous 
synthetic Tn cluster, Tn3, Tn(S)3, and Tn(hS)3. In these condi- 


tions, high anti-Tn IgG antibody titers were found in all groups of 
mice (Fig. IA). When sera induced by MAG:Tn3-PV were ana- 
lyzed for the recognition of different heterologous Tn clusters 
(Table 1), these antibodies also recognized Tn(S)3 and Tn(T)3 
motifs but not the non-natural Tn(hS)3 cluster. The same was true 
for antibodies induced by the MAG:Tn(S)3-PV. In contrast, anti- 
bodies induced by MAG:Ta(hS)3-PV recognized efficiently the 
synthetic Tn(hS)3 cluster, but poorly Tn3, aud not Tn(S)3 and 
Tn(T)3, demonstrating a highly reduced cross-recognition of the 
GalNAc moiety for non-natural amino acids. In addition to these 
data, we found that among the Tn-specific monoclonal IgG anti- 
bodies we produced, some recognized the synthetic Tn(S)3 but not 


Fig. 1. Influence of the glycoddic duqalay on the generation of 
antibodies that recognize the native form of Tn. A. mice (n *» 5) 
were immunized three times with 10 /xg of multiple antigenic 
glyoopeptide (A£4G):Tn(S)3-PV, MAG:TnfhS)3-PV, and MAG: 
Tn3-PV in alum, and sera collected after the last boost were tested 
for anti-Tn IgG antibodies by ELISA using synthetic Tn(S)3, 
Tn(hS)3, TnfT)3. or Tn3 as indicated. B. the same sera were tested 
for native Tn recognition by fluorescence-activated cell sorter 
using Tn-positive human tumor cells (Jurfcat). Statistical analysis is 
indicated by the P or by NS for nonsignificant statistical difference. 
C, mice (n = 4) were immunized twice, on days 0 and 21, with 10 
ptg of MAG:Tn3-PV or MAG;Tn3 in atom alone or together with 
50 Mg of CpG or with 3 X 100 pg of anti~C3340 monoclonal 
antibody. Sera collected at day 28 were analyzed for anti-Tn IgG 
and IgM antibodies by ELISA using synthetic Tn3; bars. ±SD. 


A i iMAG:TntSI3-PV 

^ MAG:To(hS)3-PV 



glycotope 


B hmap^v 

CZl MAG :Tn(S)3-PV 
^MAG:Tn(hS)3-PV 



Tn + -Tumor 



IgG IgM 


IZZIMAG:Td 3-PV / alum 
ES5s MAG:Tn3 / alum 
IS-lSMAG:Tn3 / alum + CpG 
■■MAG:Tn3 / alum 4- anti-CD40 
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other Tn clusters based on a different backbone. 6 To additionally evaluate 
this phenomenon, we compared the capacity of the antibodies induced by 
the different MAG immunogens to recognize the “native form of Tn" on 
tumor cells by flow cytometry (Fig. LB). No significant difference was 
found for the recognition of tire Tn-positive Jurkat cell by antibodies 
elicited by MAG:Tn3-PV or with MAG:Tn(S)3-PV, whereas MAG: 
Tn(hS)3-PV induced antibodies displayed low reactivity for native Tn on 
Jurkat (Fig. LB). Altogether, these results show that the Tn antigen/ 
antibody interaction does not involve the sole carbohydrate moiety even 
when it is displayed as a duster. However, as l ong as immunogens are 
built by O-glycosylation of natural serine and threonine, there exists 
sufficient diversity of the polyclonal IgG response to accommodate the 
large variability of mucin sequences and to allow the efficient recognition 
of tite native forms of the Tn antigen. 

T-Cell Help Requirement to Induce Antl-Tn Antibodies with 
MAG Glyco conjugate. We showed previously that in vivo depletion of 
the CD4+ T-cell compartment abrogates the induction of anti-Tn anti- 
bodies and the protection afforded by the MAG:Tn3-PV against the 
growth of To-expressing tumor in mice (23). We sought to determine 
whether we could bypass foe requirement of T-cell help to induce 
anticaibohydrate antibodies by directly activating B cells. Such direct 
activation could be achieved by the cross-linking of membrane immuno- 
globulin by repetitive carbohydrate units (such as those found in bacterial 
polysaccharides) and/or by toll-like receptor or CD40 triggering. For this 
purpose, a MAG:Tn3 containing four Tn3 dusters devoided erf peptide 
T-cell sequence was synthesized (Table 1). As shown in Fig. 1C, the 
multimeric MAG:Tn3 administered in alum did not induce any anti-Tn 
antibody responses. Neither TLRS triggering by coinjecting CpG nor an 
anti-CD40 monoclonal antibody treatment together with MAG:Tn3 im- 
munization led to foe induction of anti-Tn antibodies (Fig. 1C) demon- 
strating tiie absolute requirement of a CD4+ T-cell help to inAiea 
antibodies against the monosaccharidic Tn antigen. 

Comparison of KLH and MAG Glycoconjugates. Several KLH 
gtycoconjugates developed with tumor-associated carbohydrates have 
entered in Phase n/EH clinical trials (4, 14). These glycoconjugates were 
more or less efficient in inducing IgG antibodies required for ADCC. 
Therefore, we next performed a comparative study in mice of the immu- 
nogenicity of MAG:Tn3-PV versus its KLH-Tn(c) counterpart using 
different adjuvant settings. In contrast to the MAG, when KLH-Tn(c) was 
a dminis tered in alum, strong anti-KLH antibodies were induced but no 
anti-Tn IgG as tested by ELISA (Fig. 2 A). In both cases, IgM antibodies 
specific for Tn were induced (Fig. 2 B). We next compared t?t tt and 
MAG glycoconjugates injected with a stronger adjuvant such as QS21 
(Fig. 2 A). In these conditions, both KLH and MAG Tn-conjugates 
elicited anti-Tn IgG antibodies regardless of the synthetic Tn cluster used 
for detection. The nanglycosyiated backbone was not recognized by any 
of foe mouse sera (data not shown). Anti-Tn titers were significantly 
higher in the case of MAG and were maintained for >3 months after the 
last boost, indicating an induction of long-lived plasma cells (Fig. 2Q. 

When we tested sera fiotn KLH-Tn(c) and MAG:Tn3-PV in QS21 
immunized mice far Jurkat cells recognition, again foe antibody titers 
induced by the MAG compound were significantly superior to those 
induced by foe KLH giycocopjugate (Fig. 2D). However, no significant 
difference was observed when the Tn-positive MCF7 cells were used as 
a source of native Tn antigen. KLH naturally displays the glycosidic T 
antigen [Gal(0 1 -3 )-GalN Ac; Ref 33] and, therefore, the reactivity of 
sera from animals immunized with KLH-Tn(c) most likely reflects the 
recognition ofboth Tn and T antigens on MCF7, whereas MAG:Tn3-PV 
induced antibodies are specifically directed against Tn. In contrast, Jurkat 


A. t==3KLH-Tn(e)/Atam croKtH-TnteJ/QSai 
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Fig. 2. Superior efficacy of multiple antigenic gtycopepude (A IAG) over keyhole 
limpa hemocyasin (.KLH) gly coconjugate in its ability to induoe anti-Tn IgG antibodies. 
(£—D) BALB/c mice were immitnized on days 0. 21. and 42 with KLH-Tn(c; 15.6 Mg. i.e.. 
1 Mg of Tn cluster) or MAG:Tn3-PV (1 Mg. 0.34 Mg of Tn cluster) mixed with alum 
(4 and B) or QS21 (A-D). A and B. sera were collected 1 week after the second (QS21 
group; n = 9) or the third (alum group, n = 5) immunization and tested by ELISA as 
indicated for anti-Tn3 or anti-KLH IgG antibodies (A) or anti-Tn3 IgM (B). C. sera from 
mice (n = g) immuniz ed with indicated gtycoconjugato in QS21 and collected at different 
time points were tested for anti-Tn antibodies using synthetic Tn3. D. sera from mice 
immunized with gtycoconjugates in QS21 were tested for native Tn recognition by 
fluorescence-activated cell sorter using the Tn-positive Jurkat and MCF7 tumors. E. on 
days 0, 7, 14, and 42, mice (n = 3) were immunized with 1 jjg of KLH-Tn(c; groups 1 
and 2) or 1 of MAG:Tn3-PV (group 3) mixed with QS21. On day 70 , mice were 
recalled with KLH-Tn(c; group I) or MAG:Tn3-PV (groups 2 and 3). Sera collected 
before (day 63) or after (day 98) foe last recall were tested by ELISA for anti-Tn IgG 
against synthetic Tn3. Statistical analysis is indicated by the P or by MS for nonsigniflcani 
statistical difference; ban, ±SD. 


cells do not display the T antigen at foe cell membrane (34) due to a lack 
of 01-3 galactosyl-transferase expression (35). 

Finally, we analyzed whether the B-cell response induced by foe KLH 
glycoconjugate could be recalled and be additionally increased by foe 
MAG. After three injections of KLH-Tn(c) in QS21, mice were recalled 
with MAG :Tn3 -PV or KLH-Tn(c). In these conditions, no memory 
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response was recalled by die KLH or die MAG glycoconjugates boosting 
injection (Fig. 2 E). In contrast, after die same schedule, MAG:Tn3-PV 
could additionally recall die anti-Tn IgG response induced by previous 
MAG:Tn3-PV immunizations. Altogether, these data clearly show die 
qualitative and quantitative superior efficacy of MAG:Tn3-PV over 
KLH-Tn(c) in inducing an anti-Tn immune response. 

Induction of Tn-Spedfic Antibodies by “Humanized” MAG In 
Nonhuman Primates. We next designed MAG for human vaccina- 
tion by introducing either a TT (36) or a PADRE (37) peptide that 
allows a broad coverage of HLA diversity (Table 1). We showed 
recently that linear Tn(S)6-PADRE induced anti-Tn antibodies in 
HLA-DR1 and -DR4 transgenic mice (38). likewise, the new den- 
druneric MAG, MAG :T n(S)3-PADRE, and MAG:Tn3-TT (Table 1), 
also induced anti-Tn antibodies in these HLA transgenic mice (data 
not shown). Therefore, we next evaluated the potency of these MAG 
in two nonhuman primate species. In a first experiment, 2 groups of 
3 macaques were immunized with MAG:Tn(S)3-PADRE and MAG: 
Tn3-TT with alum and CpG oligonucleotide as adjuvants. Control 
animals received the adjuvant preparation alone. IgG antibodies spe- 
cific to Tn were detected by ELISA in all of the animals immunized 
with MAG but not in controls (Fig. 3, A and B). We also assessed the 
peripheral blood lymphocyte proliferative response to CD4+ T-cell 


peptides in vaccinated macaques after the last boost TT-specific 
T-cell responses were detected in all of fee animals vaccinated wife 
MAG:Tn3-TT. PADRE-spedfic T-cell responses were found in 2 of 
3 animals vaccinated with MAG :Tn(S)3-P ADRE, allhough of lower 
intensity as compared wife fee TT responses (Fig. 3C). 

Next, we carried an experiment wife fee MAG:Tn3-TT in green 
monkeys, to additionally evaluate fee immunogenicity of this MAG 
when administered with alum alone or wife CpG ODN. Control 
groups consisted of dendrimeric MAP-.TT devoid of Tn residues. 
Anti-Tn IgG titers were already detectable after fee first immunization 
(Fig. 3D). When green monkeys were immunized wife MAG:Tn3-TT 
wife alum as fee sole adjuvant 2 animals developed anti-Tn IgG after 
two immunizations and fee third animal required a total of four 
injections to develop anti-Tn antibodies (Fig. 3 E). 

Finally, we tested the ability of sera from MAG vaccinated mon- 
keys to bind mucin derived structures. Postimmtme sera from all of 
fee macaques and green monkeys vaccinated wife MAG:Tn3-TT 
together wife alum plus CpG ODN were able to recognize aOSM (Fig. 
3 F). Sera from control animals did not react wife aOSM. To ensure 
that antibodies induced in primates will recognize human mucins, we 
designed several glycopep tides from human MUC1 mucin repeats. As 
shown in Table 2, three different MUC1 mucin sequences O-glyco- 


Fig. 3. Immunogenicity of multiple antigenic 
glycopeptide (MAG) in different nonhuman primate 
species. A-C. on days 0. 21, and 42. macaques were 
immunized with MAG:Tn(S)3-PADRE dr MAG: 
Tn3-TT mixed with alum and CpG -ODN as adju- 
vant or with adjuvant alone, D and E. on days 0, 2i, 
and 42, green monkeys were immunized with 
MAG:Tn3-TT or nnnglycosyiated MAP:TT control 
mixed with alum together with (D) or without (E) 
CpG -ODN as indicated. A. & D. and £. at the 
indicated time points, sera wore collected and tested 
for anti-Tn reactivity against the synthetic homo- 
loguc, Tn3 or TnfS)3. C peripheral blood lympho- 
cyte from macaques collected at day (50 were stim- 
ulated for 4 days with the TT or die PADRE 
peptide, and cell proliferation was measured by 
[^Hjthyraidine incorporation over the last 16-h. For 
each monkey, results are expressed as stimulation 
index (SI) corresponding to the number of cpm 
obtained with cells incubated with the peptide di- 
vided by the number of cpm obtained with cells 
incubated in medium alone. F, sera from macaques 
or green monkeys collected just after the last im- 
munization were tested for anti -aOSM reactivity by 
ELISA. 
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Table 2 Analysis af the recognition of glycosylated mvcm-dcrived peptides by sera 
from green monkeys 

Green monkey* 


Competitor" 

#97008 

#00020 

#02003 

#02006 

#02010 

#02011 

S*T*T* G6KG 

l 

1 

1 

1 

1 

1 

STAPPAHGV 

- 

. 

_ C 

. 

. 

_ 

S*T*APPAHGV 

u 

0.8 

2.2 

0.6 

0.9 

12 

ALGSTTPPA 

* 

. 

- 

- 


. 

ALGS*TT*P?A 

86.6 

275.1 

45.5 

51.6 

16.6 

70 

ALGS*T*TPPA. 

169 

446.5 

372 

. 37.3 

15.9 

46.1 

ALGS"T*T*PPA 

ns 

458.1 

34.1 

29.9 

12.9 

31.6 

SLSYTNPAV 

- 

. 

. 

- 

. 

. 

SLS*VT-NPAV 

96-8 

233.6 

372 

80.8 

302 

102.7 


* Peptides or glyeopeptides were tested in an inhibition assay to compete with a 
reference glycopeptide (S*I* I *G<5KO) for the binding to each senmi (see “Materials and 
Methods"). The IC a value was determined for each competitor and normalized with die 
IC a obtained for the reference glycopeptide to compete with itself Results are expressed 
as the mean of two to three experiments. 

* Sera from green monkeys (see legend Fig. 3) were tested for the recognition of 
glycosylated or noaglycosylated human MUC1 mucin peptides (* indicates a-DGnlNAc). 

r Because no inhibition was obtained with nan glycosylated peptides. IC a and ratio 
could not be calculated (• Indicates the lack of inhibition). 

sylated with GalNAc residues were positively recognized by sera 
from green monkeys immunized with MAG:Tn3-TT. Sera recognized 
Tn when located in die middle of the MUC1 peptide backbone, 
although less efficiently than the Tn located at the edge of the peptidic 
chain, showing the capability of MAG-induced antibodies to recog- 
nize carcinoma-associated forms of human mucins. 

Recognition and Killing of Human Tumor Cells by Antibodies 
from Vaccinated Monkey. To evaluate die antitumor therapeutic po- 
tential of antibodies elicited in primates, we assessed their ability to 


specifically recognize human tumor cells expressing Tn by flow cytom- 
etry. When preimmune sera from green monkeys were analyzed for 
Tn-positive tumor cell recognition, almost no background reactivity was 
found far the Jurkat T lymphoma (Fig. 4, A and B), and a low reactivity 
was found for the MCF7 mammary adenocarcinoma (Fig. 4 Q. Likewise, 
postimmunization sera from MAPrTT vaccinated controls did not show 
any increase of reactivity as compared with preimmune sera. In contrast, 
after MAG:Tn3-TT vaccination, a strong and specific recognition of 
Jurkat cells was found (Fig. 4, A and 5). MCF7 was also specifically 
recognized by these postimmune sera (Fig 4Q but to a lesser extent as 
compared with Jurist, which may reflect the level of Tn expression on 
these two cell types. Positive reactivity of immune sera was also found 
with other human Tn-expressing tumor cell lines, foe T47D breast car- 
cinoma and file LS 1 80 and LSC colon carcinomas (Fig. 4 2?) . Tn-negative 
T2 thymoma and MDA231 adenocarcinoma did not show any difference 
of reactivity between pre- and postimmune sera fully c onfirming the 
Tn-specifichy of antibodies elicited after MAG:Tn3-TT vaccination 
(Fig. 42?). These results show the high specificity of anti-Tn antibodies 
induced by the MAG:Tn3-TT and their capacity to recognize the native 
Tn antigen on tumor cells. 

We then analyzed the ability of sera from green monkeys to 
mediate killing of Tn-positive human tumor cells performed by 
huma n NK cells. As shown in Fig. 5, NK cells showed cytotoxicity 
against Jurkat cells coated with postimmune, but not with pie- 
immune, sera from 5 of 6 animals vaccinated with MAG:Tn3-TT. In 
contrast, pre- and postimmune sera from the 3 anima ls immunized 
with MAP:TT devoid of Tn antigen did not mediate any specific 
killing of Jurkat cells. Because a direct killing of MCF7 cells by NK 


Fig. 4. Multiple antigenic glyeopeptide-induced 
primate antibodies recognize human tumor cells 
expressing Tn. A-C, preimmune and postimmune 
sera obtained from the indicated green monkeys 
after immunization protocol detailed in Fig, 3 were 
analyzed for antibody titer against Tn-positive Ju- 
rkat (A and B) and MCF7 (O cells, D. fluores- 
cence-activated cell sorting (FACS) histograms far 
cells stained with secondary reagent alone f — ). 
with preimmune sera (gray histograms)* or postim- 
munization sera (bold fine) collected from indi- 
cated green monkeys and tested against Tn-positive 
[Jurkat T lymphoma; MCF7 and T47D mammary 
adenocarcinomas; LS180 and LSC colon carcino- 
mas or Tn-negative tumor ceil lines (T2 and 
MDA231)]. For LSI 80, tho percentage of positive 
cells (gated in Ml) observed for pro and postim- 
mune sera is 50% and 52%, respectively, for 
#97029 and 55% and 75%, respectively, for 
#02003. 


Jurkat 
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cells was observed in the absence of any antibody (data not shown), 
it was not possible to assess ADCC against this tumor cell line. 
Altogether, these results show that the MAG is capable to induce 
antibodies specific for Tn on human tumor cells and to mediate killing 
of these cells via an ADCC mechanism. 

DISCUSSION 

In the present study, we elaborated a candidate vaccine targe ting die 
Tn tumor-associated carbohydrate tumor antigen for immunotherapy 
of carcinoma cancer. We designed a suitable glycotope cluster con- 
taining three a-GalNAc on a STT backbone, nnri we show tha t the 
MAG has superior immunogenic potential over a KLH-Tn glycocon- 
jugate. We also show that the MAG designed for human therapy is 
able to induce anti-Tn IgG antibodies in two nonhuman primate 
species that can mediate ADCC against human tumor cells. 

The Tn antigen displayed on carcinoma-associated human mucins 
is preferentially displayed as a cluster of several Tn (16-18), and this 
configuration is optimal for recognition of Tn by IgG antibodies to 
mediate ADCC against cancer cells. We showed previously tha t a 
cluster of three Tn is very efficient in stimulating anti-Tn antibodies 
capable of recognizing native tumor forms of Tn and eradicating 
Tn-expressing tumors in mice (23). The cluster we introduced in the 
MAG is a tri-Tn cluster (three a-GalNAc on a STT backbone) 
corresponding to a glycotope recognized by the MLS 128 monoclonal 
antibody that has been obtained after imm unising mice with the 
hu man carcinoma cell line LSI 80 (39, 40). Amino acids flanking die 
Tn antigen have been shown to modulate antibody recognition (41, 
42), but nothing is known about the contribution of the aglyconic part 
of the Tn structure (Ser or Thr residues) for antibody binding Jo 
design tile most suitable vaccine candidate for targeting immune 
responses to cancer cells, we first investigated the influence of die 
amino acid backbone displaying the GalNAc residue. We show for the 
first time that antibody recognition of the a-GalNAc moiety of Tn is 
influenced by the aglyconic part of the Tn structure. Indeed, Tn 
displayed on a non-natural homoserine residue was not the most 
appropriate to induce anti-Tn antibodies that recognize the native 
form of Tn. Likewise, antibodies induced by Tn clusters based on 
natural amino acids (Ser or Thr) failed to efficiently recognize the 
GalNAc residue display on a homoserine backbone. The influence of 
the amino acid backbone was less sensitive when G-GalNAc residues 
were displayed by natural amino acids for polyclonal antibodies. 
However, among Tn-specific monoclonal antibodies we produced, we 
found some exclusive fine specificity for Ser or Thr. ft remains that 
the diversity of the polyclonal response allows a clear cross-reactivity 
between anti-Tn antibodies raised by O-GalNAc residues carried by a 
SSS, a STT, or a ill backbone for heterologous backbones. The STT 
backbone was found to be the most permissive for induction of 
anti-Tn antibodies that recognize degenerated Tn clusters. These 
anti-Tn antibodies recognize a large variety of GalNAc glycosylated 
MUC-1 peptide sequences allowing a broad spectrum of recognition 
for native farms of Tn on cancer cells. Antibodies induced by a Tn3 
cluster on a STT backbone can efficiently recognize a large variety of 
MUC-1 peptide sequences with different levels of GalNAc glycosy- 
lation. Given the large heterogeneity of mucin sequences, it is critical 
to build immunogens capable to induce anti-Tn antibodies with a 
broad spectrum of recognition for native forms of Tn. 

The second important point highlighted by the present study is that the 
full synthetic MAG:Tn immunogen is able to induce anti-Tn IgG anti- 
bodies with a mild adjuvant setting (alum), whereas the KLH-Tn conju- 
gate requires the use of a much powerful adjuvantation, such as QS21. 
Likewise, glycolipopeptides based on dimeric or trimeric Tn cluster 
induced IgM, but no or low IgG anti-Tn antibodies (21, 29). Ia contrast. 



NK/Tumor ratio 



NK/Tumor ratio 





Fig. 5. Multiple antigenic giycopepude- induced primate antibodies are able to mediate 
antibody-dependent cellular cytotoxicity against Tn-positive tumor cells. p'CrFlabeled 
Juricat cells were incubated with pre- or postimmime sera from green monkeys injected 
with MAG:Tn3-TT or control MAPiTT as detailed in Fig. 3. These target cells were 
subjected to lysis by the natural killer cell clone at the indicated natural killer (A70:mraor 
ratio for 4 h. 
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the MAG:Tn3-PV mixed wifo a lipopeptide adjuvant induced strong 
anti-Tn IgG antibodies (data not shown). Therefore, the MAG system 
offers the possibility to induce a strong antitumoral immune response 
with a well-known, commonly used and harmless adjuvant 
The last important point provided by foe present study is that two 
different MAG deigned for human therapy by introducing promiscuous 
T-helper HLA-DR binding peptides are able to induce anti-Tn »nhTwi;^g 
in two nonhuman primate species. The two different CD4 T-cell peptides, 
PADRE and TT, introduced into the MAG were capable to provide help 
for anti-Tn antibody production in all of foe immunized primates. Again, 
these antibodies could be induced wife a mild adjuvant setting (alum), 
although the addition of CpG oligonucleotides strongly improved foe 
unmunogenicity of the MAG by eliciting a quantitatively higher and 
more rapid response. Importantly, in all of foe experimental settings, no 
adverse reaction was observed in any animal such as local mflummrfm 
at the sites of injection or weight lok assessing foe safety of the MAG. 
Tn-specific antibodies elicited in these nonhuman primates were able to 
recognize glycosylated human mucin sequences as well as Tn-positive 
human tumor cells. Antibodies specific for tumor-associated antig^nc are 
ahle to mediate tumor cell k ill ing by complement-dependent cytotoxicity 
or by ADCC. Inportantly, these antibodies in the presence ofhuman NK 
cells could mediate ADCC against tumor cells demonstrating foeir anti- 
tumoral potency. In conclusion, we have designed and validated a folly 
synthetic vaccine targeting foe carbohydrate Tn tumor antigen for immu- 
notherapeutic purposes in humans, opening foe way for a new generation 
of vaccines based on fully synthetic glycopeptides. 
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